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(54) ELECTROLUMINESCENCE DEVICE 



(57) A dispersion electroluminescence device hav- 
ing a basic constitution wherein a back face sheet, a 
back-face side light-transmitting electrode, a lumines- 
cent layer with electroluminescence light-emitting parti- 
cles dispersed in a dielectric phase, a front-face side 
light-transmitting electrode, and a light-transmitting 



front face protecting film are stacked in this order. The 
utilization of the constitution of the electroluminescence 
device the back face sheet of which has the perform- 
ance of light scattering reflection and the light emitting 
layer of which shows the performance of light scattering 
provides an electroluminescence (EL) device enhanced 
in the efficiency of extracting emitted light outside. 
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Description 

[Field of Invention] 

[0001] The present invention relates to an electrolu- 
minescence device (EL device) which emits a light by 
application of electric energy. 

[Background of Invention] 

[0002] Recently, a liquid crystal display is widely em- 
ployed as a smali-size, light-weight display. Since the 
liquid crystal per se emits no light, a transmitted image 
is generally obtained utilizing a back light supplied by a 
light source placed on a back side and controlling the 
supplied light by a liquid crystal layer. A color image can 
be obtained by placing a color filter on a surface of the 
liquid crystal layer. A combination of colored lights trans- 
mitted through the color filter gives a color image. 
[0003] As is described above, the liquid crystal display 
requires a light source and the energy consumption is 
high. Therefore, a small size battery for supplying elec- 
tric energy to the liquid crystal display has been devel- 
oped (for instance, lithium battery). Nevertheless, there 
are limitations in the development of a smaller-size and 
lighter-weight liquid crystal display. A reflective liquid 
crystal display employing no back light has been devel- 
oped. In the use of the reflective liquid crystal display, 
particularly, for obtaining a color image, a color image 
showing a low contrast only can be obtained. Moreover, 
the image quality of reflected image is largely varied de- 
pending on surrounding light conditions. Therefore, the 
reflective liquid crystal display can be utilized only in a 
specific field. 

[0004] For these reasons, an electroluminescence 
device (generally called "EL device") that per se emits 
a light by application of a small amount of electric energy 
so that an image can be displayed in the absence of a 
separately-provided light source has been given an at- 
tention. 

[0005] In the attached Figures 1 and 2, representative 
constitutions of the conventional electroluminescence 
devices (EL devices) are illustrated. 
[0006] The EL device of Fig. 1 is an electrolumines- 
cence device named a dispersion AC EL device com- 
prising a transparent glass substrate (or a transparent 
plastic material substrate, through which a light emis- 
sion is extracted) 11 a, a transparent electrode (ITO elec- 
trode) 12a, a light-emitting layer (generally having a 
thickness of 50 to 100 u.m) 13, an insulating material 
layer 14b, and a back electrode (aluminum electrode) 
1 2b arranged in order. By applying an alternative current 
between the transparent electrode 12a arranged on the 
front side (lower side in the figure) and the back elec- 
trode 12b, a light is emitted in alternating electric field. 
The emitted light is generally transmitted through the 
transparent electrode 1 2a and the transparent substrate 
11a, and extracted on the front side. An ordinarily em- 



ployed phosphor particle is a particle of ZnS:Cu,CI, ZnS: 
Cu.AI, or ZnS:Cu,Mn,CI. It is considered that an acicular 
Cu 2 S crystal deposits along a lattice defect of ZnS par- 
ticle (particle size: 5 to 30 ujn), and it serves a site of 
5 electron source. Generally, on a surface of the EL device 
is provided a protecting film. Moreover, various auxiliary 
layers may be provided between these layers. 
[0007] The EL device of Fig. 2 is an electrolumines- 
cence device named a thin film AC EL device compris- 
10 ing a transparent glass substrate (or a transparent plas- 
tic material substrate, through which a light emission is 
extracted) 21a, a transparent electrode (ITO electrode) 
22a, a front insulating material layer (light-transmitting 
Insulating material layer having a thickness of 0.3 to 0.5 
15 nm, named first insulating material layer) 24a, a light- 
emitting layer 23 made of a thin phosphor layer (gener- 
ally having a thickness 1 u,m or less) 23, a back insulat- 
ing material layer 24b, and a back electrode (aluminum 
electrode) 22b arranged in order. By applying an alter- 
native current between the transparent electrode 22a 
arranged on a front side (lower side in the figure) and 
the back electrode 22b, a light is emitted in the light- 
emitting layer 23 under alternating electric field. The 
emitted light is transmitted through the front Insulating 
material layer 24a, the transparent electrode 22a and 
the transparent substrate 21 a , and extracted on the front 
side. The light-emitting layer of phosphor film is formed 
by various vapor depositing methods or coating meth- 
ods (utilizing a sol-gel method and others). An auxiliary 
layer such as buffer layer may be placed between the 
phosphor layer and the adjoining insulating material lay- 
ers. Generally, on a surface of the EL device is provided 
a protecting film. Moreover, various auxiliary layers may 
be provided between the above-mentioned layers. 
[0008] General structures and component materials 
for the conventional electroluminescence devices are 
described in detail in "Electroluminescence Display" 
(written by INOKUTI Toshio, published in 1991, by 
Sangyo Tosho Co., Ltd.). 

[0009] Heretofore, a multi-colored image is formed on 
an electroluminescence device on which a single elec- 
troluminescence light-emitting layer is divided into two 
or more areas and plural phosphors emitting different 
color lights are placed in these areas separately. Re- 
cently, there has been proposed an electrolumines- 
cence device having plural light-emitting composites 
comprising light-emitting layers which emit different 
color lights are placed one on another, whereby a multi- 
color image is displayed. An example of the electrolu- 
minescence device for displaying a multi-color image 
which comprises plural light-emitting composites are il- 
lustrated in Fig. 26. 

[0010] In Fig. 26, from a light-shielding back sheet 
(black sheet) 631 to a front protecting sheet (glass sub- 
strate) 632 (placed on a light-extracting side, that is, a 
displaying side), an orange color light- emitting layer 
633, a green color light-emitting layer 634, and a blue 
color light-emitting layer 635 are arranged. On both 
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sides of each light-emitting layer, an insulating layer and 
an electrode layer are placed. In more detail, on both 
sides of the orange color light-emitting layer 633, an in- 
sulating layer 731 and electrodes 732a, 732b (the front 
electrode 732a is a transparent electrode, and the back 
electrode 732b is an opaque aluminum electrode) are 
placed. On both sides of the green color light-emitting 
layer 634, an insulating layer 741 and electrodes 742a, 
742b (both are transparent electrodes) are placed. On 
both sides of the blue color light-emitting layer 635, an 
insulating layer 751 and electrodes 752a, 752b (both are 
transparent electrodes) are placed. Between the orange 
color light-emitting composite and the green color light- 
emitting composite are placed glass substrates 637 
having a red filter 634 between them. Between the green 
color light-emitting composite and the blue color light- 
emitting composite is placed a transparent protecting 
film 638. 

[001 1 ] As is described above, it is considered that the 
electroluminescence device (EL device) is an excellent 
display device because of its self light-emitting property. 
However, there are problems in the conventionally de- 
veloped EL display products in that the stability is poor 
and the amount of light emission is not enough. It is 
known that the problem of stability is already solved by 
various studies, but the problem of poor light emission 
should be solved. 

[0012] Particularly, the dispersion EL device has a 
problem in that it shows a poor light emission efficiency 
and therefore an amount of light emission taken outside 
is not enough. On the other hands, a thin film EL device 
has a problem in that only an extremely small amount 
of a light emission produced inside can be taken outside. 
For solving these problems, various studies have been 
made. For instance, there is a proposal to place a light- 
scattering film on the glass substrate on the light-extrac- 
tion side. However, the effects of the known improve- 
ments are not enough. 

[0013] Accordingly, the present invention has a main 
object to provide an electroluminescence device from 
which an enough amount of light emission can be taken 
outside, by applying an electric power almost equivalent 
to that used for the conventional EL devices. 
[001 4] Further, the invention has a main object to pro- 
vide an electroluminescence device showing a high light 
emission efficiency and a high light emission -extracting 
efficiency, under an electric power almost equivalent to 
that used for the conventional EL devices. 

[Disclosure of Invention] 

[0015] As a result of studies on the problems of the 
conventional electroluminescence devices, the inventor 
of the present invention has discovered that a light emit- 
ted in the light-emitting layer can be efficiently extracted 
on the outside by incorporating a light-scattering layer 
having a high refractive index such as almost the same 
as or higher than a refractive index of the light-emitting 



layer on a front surface (from which a light is extracted) 
and/or a back surface of the light-emitting layer and fur- 
ther by adjusting a refractive index of material present 
in the light-emitting layer and the light-scattering layer 
5 having a high refractive Index to a level similar to or high- 
er than the refractive index of the light-emitting layer. 
The present invention is based on this discovery. 
[001 6] The inventor has further discovered that a light 
emitted in a phosphor particle can be efficiently extract- 
10 ed on the outside by imparting a light-scattering reflec- 
tive property to a substrate on the back side (back face 
sheet) and further imparting a light-scattering reflective 
property to the dielectric material layer which disperses 
and supports phosphor particles in the light-emitting lay- 
's er. 

[0017] Furthermore, the inventor has discovered that 
a light emitted in the phosphor particle can be efficiently 
extracted on the outside by employing a complex parti- 
cle which is prepared by coating a phosphor particle with 
20 a coating material (e.g., dielectric material) which has a 
refractive Index similar to or higher than the refractive 
index of the phosphor particle, or by employing a com- 
plex particle which is prepared by coating a dielectric 
material particle with a phosphor layer and further with 
25 a coating layer having a refractive index similar to or 
higher than the refractive index of the coated phosphor 
layer. 

[0018] From the first aspect, the present invention re- 
sides in a dispersion electroluminescence device com- 
30 prising a back face sheet, a light-transmitting back elec- 
trode, a light-emitting layer comprising electrolumines- 
cence light-emitting particles dispersed in a dielectric 
material phase, a light-transmitting front electrode, and 
a light-transmitting front protecting film arranged In or- 
35 der, wherein the back face sheet shows a light-scaiter- 
ing reflective property and the light-emitting layer shows 
a light-scattering property. 

[001 9] From the second aspect, the invention resides 
in a dispersion electroluminescence device comprising 
^0 a back face sheet, a back electrode, a light-emitting lay- 
er comprising electroluminescence light-emitting parti- 
cles dispersed in a dielectric material phase, a light- 
transmitting front electrode, and a light-transmitting 
front protecting film arranged in order, wherein the elec- 
ts tro luminesce nee light-emitting particle comprises a die- 
lectric material particle coated with a phosphor layer 
which is further coated with an outer coat layer. 
[0020] From the third aspect, the invention resides in 
a dispersion electroluminescence device comprising a 
so back face sheet, a back electrode, a light-scattering or 
non light-scattering, light-emitting layer which compris- 
es electroluminescence light-emitting particles dis- 
persed in a dielectric material phase, a light-transmitting 
front electrode, and a light-transmitting front protecting 
55 film arranged in order, wherein the electroluminescence 
light-emitting particle comprises a dielectric material 
particle coated with a phosphor layer. 
[0021] From the fourth aspect, the invention resides 
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in a dispersion electroluminescence device comprising 
a back face sheet, a light-transmitting back electrode, a 
light-emitting layer comprising electroluminescence 
light-emitting particles dispersed in a dielectric material 
phase, a light-transmitting front electrode, and a light- 
transmitting front protecting film arranged in order, 
wherein the back face sheet shows light reflection by a 
light-scattering effect, a light-scattering, high refraction 
layer which comprises as main component a material 
having a refractive index of 80% or higher based on a 
refractive index of the electroluminescence light-emit- 
ting layer is placed between the light-transmitting front 
electrode and the front protecting film, and a refractive 
index of material placed between the light-emitting layer 
and the light-scattering, high refraction layer is adjusted, 
whereby 40% or more of a light emitted by the electro- 
luminescence light-emitting layer toward a front side en- 
ters the light-scattering, high refraction layer. 
[0022] From the fifth aspect, the invention resides in 
a dispersion electroluminescence device comprising a 
back face sheet, a light-transmitting back electrode, an 
electroluminescence light-emitting layer comprising 
electroluminescence light-emitting particles dispersed 
in a dielectric material phase, a light-transmitting front 
electrode, and a light-transmitting front protecting film 
arranged in order, wherein the back face sheet is a light- 
scattering reflective, high refraction sheet which com- 
prises as main component a material having a refractive 
index of 80% or higher, based on a refractive index of 
the electroluminescence light-emitting layer, and a re- 
fractive index of material placed between the light-emit- 
ting layer and the back face sheet is adjusted, whereby 
40% or more of a light emitted by the electrolumines- 
cence light-emitting layer toward a back side enters the 
back face sheet. 

[0023] From the sixth aspect, the invention resides in 
a dispersion electroluminescence device comprising a 
back face sheet, a back electrode, a back insulating ma- 
terial layer, an electroluminescence light-emitting layer 
comprising electroluminescence light-emitting particles 
dispersed in a dielectric material phase, a light-transmit- 
ting front electrode, a light-transmitting front protecting 
film arranged in order, wherein the back insulating ma- 
terial layer is a light-scattering, high refraction, insulat- 
ing material layer which comprises as main component 
a material having a refractive index of 80% or higher 
based on a refractive index of the electroluminescence 
light-emitting layer, and 40% or more of a light emitted 
by the electroluminescence light-emitting layer toward 
a back side enters the back insulating layer. 
[0024] From the seventh aspect, the invention resides 
in a dispersion electroluminescence device comprising 
a back face sheet, a light-transmitting back electrode, 
an electroluminescence light-emitting layer comprising 
electroluminescence light-emitting particles dispersed 
in a dielectric material phase, an front insulating material 
layer, a light-transmitting front electrode, and a light- 
transmitting front protecting film arranged in order, 



wherein the back face sheet shows light reflection by a 
light-scattering effect, the front insulating material layer 
is a light-scattering, high refraction, insulating material 
layer which comprises as main component a material 

5 having a refractive index of 80% or higher, based on a 
refractive Index of the electroluminescence light-emit- 
ting layer, and 40% or more of a light emitted by the elec- 
troluminescence light-emitting layer toward a front side 
enters the front Insulating material layer. 

w [0025] From the eighth aspect, the invention resides 
in a dispersion electroluminescence device comprising 
a back face sheet, a back electrode, a back insulating 
material layer, an electroluminescence light-emitting 
layer comprising electroluminescence light-emitting 

15 particles dispersed in a dielectric material phase, a light- 
transmitting front electrode, and a light-transmitting 
front protecting film arranged in order, wherein the back 
insulating material layer has a thickness of 10 urn or 
more and is a light-scattering, high refraction, insulating 

20 material layer having a diffuse reflectance of 50% or 
higher. 

[0026] From the ninth aspect, the invention resides in 
an electroluminescence device comprising a back face 
sheet, a back electrode, a back insulating material layer, 
25 an electroluminescence light-emitting layer, a light- 
transmitting front electrode, and a light-transmitting 
front protecting film arranged in order, wherein the back 
insulating material layer has a thickness of 10 (xm or 
more and is a light-scattering, high refraction, insulating 
30 material layer having a diffuse reflectance of 50% or 
higher. 

[0027] From the tenth aspect, the invention resides in 
an electroluminescence device comprising a back face 
sheet, a light-transmitting back electrode, an electrolu- 
35 minescence light-emitting layer, a light-transmitting 
front electrode, and a light-transmitting front protecting 
film arranged in order, wherein the back face sheet is a 
light-scattering reflective, high refraction sheet compris- 
ing as main component a material having a refractive 
40 index of 80% or higher based on a refractive index of 
the electroluminescence light-emitting layer, and a re- 
fractive index of material placed between the light-emit- 
ting layer and the back face sheet is adjusted, whereby 
40% or more of a light emitted by the electrolumines- 
45 cence light-emitting layer toward a back side sheet en- 
ters the back face sheet. 

[0028] From the eleventh aspect, the invention re- 
sides in an electroluminescence device comprising 
aback face sheet, a light-transmitting back electrode, a 

so back insulating material layer, an electroluminescence 
light-emitting layer, a light-transmitting front electrode, 
and a light-transmitting front protecting film arranged in 
order, wherein the back face sheet shows a light-scat- 
tering reflection, the back Insulating material layer is a 

55 light-scattering, high refraction, insulating material layer 
which comprises as main component a material having 
a refractive index of 80% or higher based on a refractive 
index of the electroluminescence light-emitting layer, 
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and 40% or more of a light emitted by the electrolumi- 
nescence light-emitting layer toward a back side enters 
the back insulating material layer. 
[0029] From the twelfth aspect, the invention resides 
in an electroluminescence device comprising a back 
face sheet, a light-transmitting back electrode, an elec- 
troluminescence light-emitting layer, a light-transmitting 
front electrode, and a light-transmitting front protecting 
film arranged in order, wherein the back face sheet 
shows light reflection by a light-scattering effect, a light- 
scattering, high refraction layer comprising as main 
component a material having a refractive Index of 80% 
or higher based on a refractive index of the electrolumi- 
nescence light-emitting layer is placed between the 
light-transmitting front electrode and the front protecting 
film, and a refractive index of material placed between 
the light-emitting layer and the light-scattering, high re- 
fraction layer is adjusted, whereby 40% or more of a light 
emitted by the electroluminescence light-emitting layer 
toward a front side enters the light-scattering, high re- 
fraction layer. 

[0030] From the thirteenth aspect, the invention re- 
sides in an electroluminescence device comprising a 
back face sheet, a light-transmitting back electrode, an 
electroluminescence light-emitting layer, a light-trans- 
mitting front electrode, and a light-transmitting front pro- 
tecting film arranged in order, wherein the back face 
sheet shows light reflection by a light-scattering effect, 
a light-scattering, high refraction, insulating material lay- 
er comprising as main component a material having a 
refractive index of 80% or higher based on a refractive 
index of the electroluminescence light-emitting layer is 
placed on a front side of the electroluminescence light- 
emitting layer, whereby 40% or more of a light emitted 
by the electroluminescence light-emitting layer toward 
a front side enters the light-scattering, high refraction, 
insulating material layer. 

[0031] From the fourteenth aspect, the invention re- 
sides in an electroluminescence device comprising a 
back face sheet, a light-transmitting back electrode, an 
electroluminescence light-emitting layer, a light-trans- 
mitting front electrode, and a light-transmitting front pro- 
tecting film arranged in order, wherein the back face 
sheet shows light reflection by a light-scattering effect, 
a light-scattering, high refraction, insulating material lay- 
er which comprises as main component a material hav- 
ing a refractive index of 80% or higher based on a re- 
fractive index of the electroluminescence light-emitting 
layer is placed on a back side of the electrolumines- 
cence light-emitting layer, whereby 40% or more of a 
light emitted by the electroluminescence light-emitting 
layer toward a back side enters the light-scatting, high 
refraction, insulating material layer. 
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[Brief Description of Drawings] 
[0032] 

5 Fig. 1 Is a schematic section indicating a constitu- 
tion of the conventional dispersion EL device. 
Fig. 2 is a schematic section indicating a constitu- 
tion of the conventional thin film EL device. 
Each of Figs. 3 to 14 is a schematic section indicat- 

10 jng a constitution of the dispersion EL device ac- 
cording to the invention. 

Each of Figs. 15 to 25 Is a schematic section indi- 
cating a constitution of the thin film EL device ac- 
cording to the invention. 
15 Rg. 26 is a schematic view indicating a constitution 
of the conventional multi-color displaying EL de- 
vice. 

Each of Fig. 27 and Fig. 28 Is a schematic section 
indicating a constitution of the multi-color displaying 
20 dispersion EL device according to the invention. 

Fig. 29 is a schematic section Indicating a constitu- 
tion of the mutti-color displaying thin layer EL device 
according to the invention. 

Fig. 30 is a graph Indicating a light-extraction effl- 
25 ciency from a parallel plane. 

[Preferred Embodiments of Invention] 

[0033] The preferred embodiments of the invention 
30 are described below. 

[0034] For the EL device of the first aspect of the in- 
vention, the following embodiments are preferred. 

(1) The electroluminescence particle is a phosphor 
35 particle coated with an coating layer (e.g., a dielec- 
tric material layer). 

(2) The outer coating layer of the electrolumines- 
cence light-emitting layer has a refractive index of 
65% or higher based on a refractive index of the 

40 phosphor particle of the light-emitting layer. 

(3) The outer coating layer of the electrolumines- 
cence light-emitting layer has a refractive index of 
75% or higher based on a refractive index of the 
phosphor particle of the light-emitting layer. 

45 (4) The dielectric material layer of the light-emitting 
layer has a refractive index of 65% or higher based 
on a refractive index of the phosphor particle. 

(5) The dielectric material layer of the light-emitting 
layer has a refractive index of 75% or higher based 

so on a refractive index of the phosphor particle. 

(6) The light-transmitting front electrode is a light- 
transmitting electrode having a high refractive in- 
dex. 

(7) The particle size of the electroluminescence 
55 light-emitting particle is in the range of 30 nm to 5 

jim. 

(8) The dielectric material layercomprises inorganic 
or organic fine particles dispersed in an organic pol- 



35 



5 



EP1 377 134 A1 



10 



ymer. 

(9) A relationship between the radius of the electro : 
luminescence light-emitting particle and the thick- 
ness of the coating layer of the particle is as follows: 

5 

(r-d)/r£ (n 2 /n 1 )x1.2 

wherein r is a radius of the light-emitting particle, d 
is the thickness of the coating layer, n 2 is a refractive 10 
index of the dielectric material layer of the light-emit- 
ting layer, and n 1 is a refractive index of the phos- 
phor layer of the light-emitting particle. 

( 1 0) The phosphor of the electroluminescence light- 
emitting particle is a phosphor emitting a blue light, '5 
and there is placed a phosphor layer (which con- 
verts the blue light into green light, red light, or white 
light) between the light-transmitting front electrode 
and the light-transmitting front protecting fiim. 

(11) The phosphor of the electroluminescence light- 20 
emitting particle is a phosphor emitting a ultraviolet 
light, and there is placed a phosphor layer (which 
converts the ultraviolet light into blue light, green 
light, red light, or white light) between the light- 
transmitting front electrode and the light-transmit- 25 
ting front protecting film. 

(12) The phosphor layer placed between the light- 
transmitting front electrode and the light-transmit- 
ting front protecting film is a light-scattering phos- 
phor layer. 30 

( 1 3) The phosphor of the electroluminescence light- 
emitting particle is a phosphor emitting a blue light, 
a green light, an orange light, or a red light. 

( 1 4) The phosphor of the electroluminescence light- 

t mitting particle is a phosphor emitting a white light. 35 

(15) There are placed a color filter layer and/or an 
ND filter layer between the light-transmitting front 
electrode and the light-transmitting front protecting 
film. 

40 

[0035] For the EL device of the second aspect of the 
invention, the following embodiments are preferred. 

(1) The dielectric material layer comprises an or- 
ganic polymer, or comprises inorganic or organic 45 
fine particles dispersed in an organic polymer. 

(2) The light-emitting layer is a light-scattering layer. 

(3) The back electrode is a light-transmitting elec- 
trode, and the back face sheet shows a light-scat- 
tering reflective property. 50 

(4) The outer dielectric material layer of the electro- 
luminescence light-emitting particle has a refractive 
index of 65% or higher based on a refractive index 
of the phosphor layer of the light-emitting particle. 

(5) The outer dielectric material layer of the electro- 55 
luminescence light-emitting particle has a refractive 
index of 75% or higher based on a refractive index 

of the phosphor layer of the light-emitting particle. 



(6) The dielectric material layer of the light-emitting 
layer has a refractive index of 65% or higher based 
on a refractive Index of the phosphor layer of the 
light-emitting particle. 

(7) The dielectric material layer of the light-emitting 
layer has a refractive Index of 75% or higher based 
on a refractive index of the phosphor layer of the 
light-emitting particle. In this case, the material of 
the dielectric material layer is not limited to an or- 
ganic polymer and can be an inorganic material or 
an organic-inorganic complex material (including 
nano-composite material). 

(8) The back electrode is a light-transmitting elec- 
trode, the back face sheet is a light-scattering, high 
refraction reflective sheet which comprises as main 
component a material having a refractive index of 
80% or higher based on a refractive index of the 
phosphor layer of the electroluminescence light- 
emitting particle, and the refractive index of material 
placed between the electroluminescence light- 
emitting particles and the back face sheet is adjust- 
ed, whereby 40% or more of a light emitted by the 
electroluminescence light-emitting particles toward 
a back side enters the back face sheet. 

(9) The back electrode is a light-transmitting elec- 
trode, the back face sheet shows a light-scattering 
reflective property, a light-scattering, high refraction 
layer comprising as main component a material 
having a refractive index of 80% or higher based on 
a refractive index of the phosphor layer of the elec- 
troluminescence light-emitting particle is placed be- 
tween the front electrode and the front protecting 
film, and a refractive index of material placed be- 
tween the electroluminescence light-emitting parti- 
cles and the light-scattering, high refraction layer is 
adjusted, whereby 40% or more of a light emitted 
by the electroluminescence light-emitting particles 
toward a front side enters the light-scattering, high 
refraction layer. 

(10) The particle size of the electroluminescence 
light-emitting particle is in the range of 30 nm to 5 
\xm. 

(11) A relationship between the radius of the elec- 
troluminescence light-emitting particle and the 
thickness of the coating layer of the particle is as 
follows: 

(r-d)/r <> (ng/n^xl.2 

wherein r is a radius of the light-emitting particle, d 
is the thickness of the coating layer, n 2 is a refractive 
index of the dielectric material layer of the light-emit- 
ting layer, and n 1 is a refractive index of the phos- 
phor layer of the light-emitting particle. 

(12) The dielectric material particle inside of the 
electroluminescence light-emitting particle has a di- 
electric constant of three times or more the dielec- 
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trie constant of the phosphor layer of the light-emit- 
ting particle. 

(1 3) The phosphor layer of the electroluminescence 
light-emitting particle comprises a phosphor emit- 
ting a blue light, and there is placed a phosphor lay- 
er (which converts the blue light into green light, red 
tight, or white light) between the light-transmitting 
front electrode and the ligljt-transmitting front pro- 
tecting film. 

(14) The phosphor layer of the electroluminescence 
light-emitting particle comprises phosphor emitting 
a ultraviolet light, and there is placed a phosphor 
layer (which converts the ultraviolet light into blue 
light, green light, red light, or white light) between 
the light-transmitting front electrode and the light- 
transmitting front protecting film. 

(15) The phosphor layer placed between the light- 
transmitting front electrode and the light-transmit- 
ting front protecting film is a light-scattering phos- 
phor layer. 

(16) The phosphor layer of the electroluminescence 
light-emitting particle comprises a phosphor emit- 
ting a blue light, a green light, an orange light, or a 
red light. 

( 1 7) The phosphor layer of the electroluminescence 
light-emitting particle comprises a phosphor emit- 
ting a white light. 

[0036] For the EL device of the third aspect of the in- 
vention, the following embodiments are preferred. 

(1) The back electrode is a light-transmitting elec- 
trode, and the back face sheet shows a light-scat- 
tering reflective property. 

(2) The dielectric material layer of the light-emitting 
layer has a refractive index of 65% or higher based 
on a refractive index of the phosphor layer of the 
light-emitting particle. 

(3) The dielectric material particle inside of the elec- 
troluminescence light-emitting particle has a dielec- 
tric constant of three times or more the dielectric 
constant of the phosphor layer of the light-emitting 
particle. 

(4) The back electrode is a light-transmitting elec- 
trode, the back face sheet is a light-scattering re- 
flective, high refraction sheet which comprises as 
main component a material having a refractive in- 
dex of 80% or higher based on a refractive index of 
the phosphor layer of the electroluminescence light- 
emitting particle, and the refractive index of material 
placed between the light-emitting particles and the 
back face sheet is adjusted, whereby 40% or more 
of a light emitted by the electroluminescence light- 
emitting particles toward a back side enters the 
back face sheet. 

(5) A refractive index of material placed between the 
light-emitting particles and the back face sheet is 
adjusted, whereby 70% or more of a light emitted 



by the electroluminescence light-emitting particles 
toward a back side enters the back face sheet. 

(6) Any of materials placed between the electrolu- 
minescence light-emttting particles and the back 

5 face sheet have a refractive Index of 80% or higher 
based on the refractive Index of the phosphor layer 
of the light-emitting particle. 

(7) The back electrode is a light-transmitting elec- 
trode, the back face sheet shows a light-scattering 

10 reflective property, a light-scattering, high refraction 
layer comprising as main component a material 
having a refractive index of 80% or higher based on 
a refractive index of the phosphor layer of the elec- 
troluminescence light-emitting particle is placed be- 

1$ tween the front electrode and the front protecting 
film, and a refractive index of material placed be- 
tween the electroluminescence light-emitting parti- 
cles and the light-scattering, high refraction layer Is 
adjusted, whereby 40% or more of a light emitted 

20 by the electroluminescence light-emitting particles 
toward a front side enters the light-scattering, high 
refraction layer. 

(8) A refractive index of material placed between the 
electroluminescence light-emitting particles and the 

25 light-scattering, high refraction layer is adjusted, 
whereby 70% or more of a light emitted by the elec- 
troluminescence light-emitting particles toward a 
front side enters the light-scattering, high refraction 
layer. 

30 (9) Any of layers and materials placed between the 
phosphor layer of the electroluminescence light- 
emitting particles and the light-scattering, high re- 
fraction layer have a refractive index of 80% or more 
based on the refractive index of the light-emitting 

35 layer. 

(1 0) Any of layers and materials placed between the 
phosphor layer of the electroluminescence light- 
emitting particles and the light-scattering, high re- 
fraction layer have a refractive index of 95% or more 

40 of the refractive index of the light-emitting layer. 

(1 1 ) The phosphor layer of the electroluminescence 
light-emitting particle comprises a phosphor emit- 
ting a blue light, and there is placed a phosphor lay- 
er (which converts the blue light into green light, red 

45 light, or white light) between the light-transmitting 
front electrode and the light-transmitting front pro- 
tecting film. 

(1 2) The phosphor layer of the electroluminescence 
light-emitting particle comprises a phosphor emit- 
so ting a ultraviolet light, and there is placed a phos- 
phor layer (which converts the ultraviolet light into 
blue light, green light, red light, or white light) be- 
tween the light-transmitting front electrode and the 
light-transmitting front protecting film. 

55 (13) The phosphor layer placed between the front 
light-transmitting electrode and the light-transmit- 
ting front protecting film is a light-scattering phos- 
phor layer. 
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(1 4) The phosphor layer of the electroluminescence 
light-emitting particle comprises a phosphor emit- 
ting a blue light, a green light, an orange light, or a 
red light. 

( 1 5) The phosphor layer of the electroluminescence 
light-emitting particle comprises a phosphor emit- 
ting a white light. 

(16) The light-scattering, high refraction back face 
sheet comprises a ceramic material. 

(17) The light-scattering, high refraction back face 
sheet is a composite of a glass sheet and a light- 
scattering, high refraction layer. 

(18) There are placed a color filter layer and/or an 
ND filter layer between the light-transmitting front 
electrode and the light-transmitting front protecting 
film. 

[0037] For the EL device of the fourth aspect of the 
invention, the following embodiments are preferred. 

(1) An insulating material layer is placed between 
the electroluminescence light-emitting layer and the 
light-transmitting front electrode and/or the light- 
transmitting back electrode. 

(2) The light-scattering, high refraction layer com- 
prises as main component a material having a re- 
fractive index of 95% or higher, based on a refrac- 
tive index of the electroluminescence light-emitting 
layer, and a refractive index of material placed be- 
tween the light-emitting layer and the light-scatter- 
ing, high refraction layer is adjusted, whereby 70% 
or more of a light emitted by the light-emitting layer 
toward a front side enters the light-scattering, high 
refraction layer. 

(3) The light-scattering, high refraction layer com- 
prises as main component a material having a re- 
fractive index of 99% or higher, based on a refrac- 
tive index of the electroluminescence light-emitting 
layer, and a refractive index of material placed be- 
tween the light-emitting layer and the light-scatter- 
ing, high refraction layer is adjusted, whereby 85% 
or more of a light emitted by the light-emitting layer 
toward a front side enters the light-scattering, high 
refraction layer. 

(4) The non light-transmitting back face sheet show- 
ing light reflection by a light-scattering effect com- 
prises a ceramic material. 

(5) The non light-transmitting back face sheet show- 
ing light reflection by a light-scattering effect is a 
composite of a glass sheet and a light-scattering 
high refraction layer. 

(6) The electroluminescence light-emitting layer 
comprises a phosphor emitting a visible light. 

(7) The electroluminescence light-emitting layer 
comprises two or more phosphor layers having dif- 
ferent color hues from each other which are placed 
in areas separated from each other. 

(8) There are placed a color filter layer and/or an 



ND filter layer between the light-scattering, high re- 
fraction layer and the light-transmitting protecting 
film. 

(9) The electroluminescence light-emitting layer 
comprises a phosphor emitting a ultraviolet light, 
and a phosphor layer which absorbs the ultraviolet 
light and emits a visible light is placed on the front 
side of the light-scattering, high refraction layer. 

(10) The electroluminescence light-emitting layer 
comprises a phosphor emitting a ultra-violet light, 
and the light-scattering, high refraction layer is a 
light-scattering, high refraction layer which absorbs 
the ultra-violet light and emits a visible light. 

(11) The electroluminescence light-emitting layer 
comprises a phosphor emitting a blue light, and 
there is placed a phosphor layer (which converts the 
blue light into green light, red light, or white light) on 
the front side of the light-scattering, high refraction 
layer. 

(12) The electroluminescence light-emitting layer 
comprises a phosphor emitting a blue light, and the 
light-scattering, high refraction layer is a light-scat- 
tering, high refraction phosphor layer which ab- 
sorbs the blue light amd emits green light, red light, 
or white light 

[0038] For the EL devices of the fifth to seventh as- 
pects of the invention, the following embodiments are 
preferred. 

(1 ) An insulating material layer is placed between 
the electroluminescence light-emitting layer and the 
light-transmitting front electrode and/or the light- 
transmitting back electrode. 

(2) A light-scattering, high refraction layer which 
comprises as main component a material having a 
refractive index of 80% or higher based on a refrac- 
tive index of the electroluminescence light-emitting 
layer is further placed between the light-transmitting 
front electrode and the front protecting film, and the 
refractive index of material placed between the 
light-emitting layer and the light-scattering, high re- 
fraction layer is adjusted, whereby 40% or more of 
a light emitted by the electroluminescence light- 
emitting layer toward a front side enters the light- 
scattering, high refraction layer. 

(3) The light-scattering, high refraction layer com- 
prises as main component a material having a re- 
fractive index of 95% or higher, based on a refrac- 
tive index of the electroluminescence light-emitting 
layer, and the refractive index of material placed be- 
tween the light-emitting layer and the light-scatter- 
ing, high refraction layer is adjusted, whereby 70% 
or more of a light emitted by the light-emitting layer 
toward a front side enters the light-scattering, high 
refraction layer. 

(4) The light-scattering, high refraction layer com- 
prises as main component a material having a re- 
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tractive index of 99% or higher, based on a refrac- 
tive index of the electroluminescence light-emitting 
layer, and the refractive index of material placed be- 
tween the light-emitting layer and the light-scatter- 
ing, high refraction layer is adjusted, whereby 85% s 
or more of a light emitted by the light-emitting layer 
toward a front side enters the light-scattering, high 
refraction layer. 

(5) The back face sheet is a light-scattering reflec- 
tive, high refraction sheet which comprises as main 10 
component a material having a refractive index of 
95% or higher based on a refractive index of the 
electroluminescence light-emitting layer, and the 
refractive index of material placed between the 
light-emitting layer and the back face sheet is ad- is 
justed, whereby 70% or more of a light emitted by 

the electroluminescence light-emitting particles to- 
ward a back side enters the back face sheet. 

(6) The back face sheet is a light-scattering reflec- 
tive, high refraction sheet which comprises as main 20 
component a material having a refractive index of 
99% or higher based on a refractive index of the 
electroluminescence light-emitting layer, and the 
refractive index of any material placed between the 
light-emitting layer and the back face sheet is ad- 25 
justed, whereby 85% or more of a light emitted by 

the electroluminescence light-emitting particles to- 
ward a back side enters the back face sheet. 

(7) The back face sheet comprises ceramic materi- 
al. 30 

(8) The back face sheet is a composite of a glass 
sheet and a light-scattering, high refraction layer. 

(9) The electroluminescence light-emitting layer 
comprises a phosphor emitting a visible light. 

(10) The electroluminescence light-emitting layer 35 
comprises two or more phosphor layers having dif- 
ferent color hues from each other which are placed 

in areas separated from each other. 

(11) There are placed a color filter layer and/or an 

ND filter layer between the light-transmitting front *o 
electrode and the light-transmitting protecting film. 

(12) The electroluminescence light-emitting layer 
comprises a phosphor emitting a ultra-violet light, 
and a phosphor layer absorbing the ultra-violet light 
and emitting a visible light is placed on the back side *s 
of the light-transmitting protecting film. 

(13) The electroluminescence light-emitting layer 
comprises a phosphor emitting a ultra-violet light, 
and a light-scattering phosphor layer absorbing the 
ultra-violet light and emitting a visible light is placed so 
on the back side of the light-transmitting protecting 
film. 

(14) The electroluminescence light-emitting layer 
comprises a phosphor emitting a blue light, and a 
phosphor layer absorbing the blue light and emitting ss 
a green light, a red light or a white light is placed on 

the back side of the light-transmitting protecting 
film. 



(15) The electroluminescence light-emitting layer 
comprises a phosphor emitting a blue light, and a 
light-scattering phosphor layer absorbing the blue 
light and emitting a green light, a red light, or a white 
light is placed on the back side of the light-transmit- 
ting protecting film. 

(16) The electroluminescence light- emitting layer is 
a thin film phosphor layer, or a phosphor particle- 
dispersed layer comprising phosphor particles dis- 
persed in a dielectric material layer having a refrac- 
tive index of 80% or higher based on the refractive 
Index of the phosphor particle. 

[0039] For the EL device of the eighth aspect of the 
invention, the following embodiments are preferred. 

(1) The diffuse reflectance of the back insulating 
material layer is 70% or higher. 

(2) The diffuse reflectance of the back insulating 
material layer is 90% or higher. 

(3) The thickness of the back insulating material lay- 
er is in the range of 1 0 to 1 00 urn. 

(4) The electroluminescence light-emitting layer 
comprises a phosphor emitting a visible light. 

(5) The electroluminescence light-emitting layer 
comprises two or more phosphor layers having dif- 
ferent color hues from each other which are placed 
in areas separated from each other. 

(6) There are placed a color filter layer and/or an 
ND filter layer between the light-transmitting front 
electrode and the light-transmitting protecting film. 

(7) The electroluminescence light-emitting layer 
comprises a phosphor emitting a ultra-violet light, 
and a phosphor layer absorbing the ultra-violet light 
and emitting a visible light is placed on the back side 
of the light-transmitting protecting film. 

(8) The electroluminescence light-emitting layer 
comprises a phosphor emitting a ultra-violet light, 
and a light-scattering phosphor layer absorbing the 
ultra-violet light and emitting a visible light is placed 
on the back side of the light-transmitting protecting 
film. 

(9) The electroluminescence light-emitting layer 
comprises a phosphor emitting a blue light, and a 
phosphor layer absorbing the blue light and emitting 
a green light, a red light or a white light is placed on 
the back side of the light-transmitting protecting 
film. 

(10) The electroluminescence light-emitting layer 
comprises a phosphor emitting a blue light, and a 
light-scattering phosphor layer absorbing the blue 
light and emitting a green light, a red light, or a white 
light is placed on the back side of the light-transmit- 
ting protecting film. 

[0040] For the EL device of the ninth aspect of the in- 
vention, the following embodiments are preferred. 
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(1) The diffuse reflectance of the back insulating 
material (ayer is 70% or higher. 

(2) The diffuse reflectance of the back insulating 
material layer is 90% or higher. 

(3) The thickness of the back insulating material lay- 
er is in the range of 10 to 100 urn. 

(4) The electroluminescence light-emitting layer is 
a thin phosphor film. 

(5) The electroluminescence light-emitting layer is 
a light-emitting layer in which electroluminescence 
light-emitting particles are dispersed in a dielectric 
material phase. 

(6) The electroluminescence light-emitting layer 
comprises a phosphor emitting a visible light. 

(7) The electroluminescence light-emitting layer 
comprises two or more phosphor layers having dif- 
ferent color hues from each other which are placed 
in areas separated from each other. 

(8) There are placed a color filter layer and/or an 
ND filter layer between the light-transmitting front 
electrode and the light-transmitting protecting film. 

(9) The electroluminescence light-emitting layer 
comprises a phosphor emitting a ultra-violet light, 
and a phosphor layer absorbing the ultra-violet light 
and emitting a visible light is placed on the back side 
of the light-transmitting protecting film. 

(10) The electroluminescence light-emitting layer 
comprises a phosphor emitting a ultra-violet light, 
and a light-scattering phosphor layer absorbing the 
ultra-violet fight and emitting a visible light is placed 
on the back side of the light-transmitting protecting 
film. 

(11) The electroluminescence light-emitting layer 
comprises a phosphor emitting a blue light, and a 
phosphor layer absorbing the blue light and emitting 
a green light, a red light, or a white light is placed 
on the back side of the light-transmitting protecting 
film. " 

(12) The electroluminescence light-emitting layer 
comprises a phosphor emitting a blue light, and a 
light-scattering phosphor layer absorbing the blue 
light and emitting a green light, a red light, or a white 
light is placed on the back side of the light-transmit- 
ting protecting film. 

[0041] For the EL devices of the tenth and eleventh 
aspects of the invention, the following embodiments are 
preferred. 

(1) A light-scattering, high refraction layer which 
comprises as main component a material having a 
refractive index of 80% or higher based on a refrac- 
tive index of the electroluminescence light-emitting 
layer is placed between the light-transmitting front 
electrode and the front protecting film, and a refrac- 
tive index of material placed between the light-emit- 
ting layer and the light-scattering, high refraction 
layer is adjusted, whereby 40% or more of a light 



emitted by the electroluminescence light-emitting 
layer toward a front side enters the light-scattering, 
high refraction layer. 

(2) The light-scattering, high refraction layer com- 
5 prises as main component a material having a re- 
fractive Index of 95% or higher based on a refractive 
index of the electroluminescence light-emitting lay- 
er is placed between the light-transmitting front 
electrode and the front protecting film, and a refrac- 

*o tive index of material placed between the light-emit- 
ting layer and the light-scattering, high refraction 
layer is adjusted, whereby 70% or more of a light 
emitted by the electroluminescence light-emitting 
layer toward a front side enters the light-scattering, 

15 high refraction layer. 

(3) The light-scattering, high refraction layer com- 
prises as main component a material having a re- 
fractive index of 99% or higher based on a refractive 
index of the electroluminescence light-emitting lay- 

20 er is placed between the light-transmitting front 
electrode and the front protecting film, and a refrac- 
tive index of material placed between the light-emit- 
ting layer and the light-scattering, high refraction 
layer is adjusted, whereby 85% or more of a light 

25 emitted by the electroluminescence light-emitting 
layer toward a front side enters the light-scattering, 
high refraction layer. 

(4) The back face sheet is a light-scattering reflec- 
tive, high refraction sheet which comprises as main 

30 component a material having a refractive index of 
95% or higher based on a refractive index of the 
electroluminescence light-emitting layer, and a re- 
fractive index of material placed between the light- 
emitting layer and the back face sheet is adjusted, 

35 whereby 70% or more of a light emitted by the elec- 
troluminescence light-emitting particles toward a 
back side enters the back face sheet. 

(5) The back face sheet is a light-scattering reflec- 
tive, high refraction sheet which comprises as main 

40 component a material having a refractive index of 
99% or higher based on a refractive index of the 
electroluminescence light-emitting layer, and a re- 
fractive index of any material placed between the 
light-emitting layer and the back face sheet is ad- 

45 justed, whereby 85% or more of a light emitted by 
the electroluminescence light-emitting particles to- 
ward a back side enters the back face sheet. 

(6) The back face sheet comprises ceramic materi- 
al. 

so (7) The back face sheet is a composite of a glass 
sheet and a light-scattering, high refraction layer. 

(8) The electroluminescence light-emitting layer 
comprises a phosphor emitting a visible light. 

(9) The electroluminescence light-emitting layer 
55 comprises two or more phosphor layers having dif- 
ferent color hues from each other which are placed 
in areas separated from each other. 

(10) There are placed a color filter layer and/or an 
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ND filter layer between the light-transmitting front 
electrode and the light-transmitting protecting film. 

(11) The electroluminescence light-emitting layer 
comprises a phosphor emitting a ultra-violet light, 
and a phosphor layer absorbing the ultra-violet light s 
and emitting a visible light is placed on the back side 

of the light-transmitting protecting film. 

(12) The electroluminescence light-emitting layer 
comprises a phosphor emitting a ultra-violet light, 
and a light-scattering phosphor layer absorbing the 10 
ultra-violet light and emitting a visible light is placed 

on the back side of the light-transmitting protecting 
film. 

(13) The electroluminescence light-emitting layer 
comprises a phosphor emitting a blue light, and a 15 
phosphor layer absorbing the blue light and emitting 

a green light, a red light or a white light is placed on 
the back side of the light-transmitting protecting 
film. 

(14) The electroluminescence light-emitting layer 20 
comprises a phosphor emitting a blue light, and a 
light-scattering phosphor layer absorbing the blue 
light and emitting a green light, a red light, or a white 
light is placed on the back side of the light-transmit- 
ting protecting film. 25 

(15) The electroluminescence light-emitting layer is 
a thin phosphor layer, or a phosphor particle-dis- 
persed layer comprising phosphor particles dis- 
persed in a dielectric material layer having a refrac- 
tive index of 80% or higher based on the refractive 30 
index of the phosphor particle. 

[0042] For the EL devices of the twelfth to fourteenth 
aspects of the invention, the following embodiments are 
preferred. 35 

(1) The light-scattering, high refraction layer com- 
prises as main component a material having a re- 
fractive index of 95% or higher based on a refractive 
index of the electroluminescence light-emitting lay- *o 
er is placed between the light-transmitting front 
electrode and the front protecting film, and a refrac- 
tive index of material placed between the light-emit- 
ting layer and the light-scattering, high refraction 
layer is adjusted, whereby 70% or more of a light *5 
emitted by the electroluminescence light-emitting 
layer toward a front side enters the light-scattering, 
high refraction layer. 

(2) The light-scattering, high refraction layer com- 
prises as main component a material having a re- so 
fractive index of 99% or higher based on a refractive 
index of the electroluminescence light-emitting lay- 
er is placed between the front light-transmitting 
electrode and the front protecting film, and a refrac- 
tive index of material placed between the light-emit- 55 
ting layer and the light-scattering, high refraction 
layer is adjusted, whereby 85% or more of a light 
emitted by the electroluminescence light-emitting 



layer toward a front side enters the light-scattering, 
high refraction layer. 

(3) The opaque back face sheet showing light re- 
flection by a light-scattering effect comprises ce- 
ramic material. 

(4) The opaque back face sheet showing light re- 
flection by a light-scattering effect is a composite of 
a glass sheet and a light-scattering, high refraction 
layer. 

(5) The electroluminescence light-emitting layer 
comprises a phosphor emitting a visible light. 

(6) The electroluminescence light-emitting layer 
comprises two or more phosphor layers having dif- 
ferent color hues from each other which are placed 
In areas separated from each other. 

(7) There are placed a color filter layer and/or an 
ND filter layer between the light-scattering, high re- 
fraction layer and the light-transmitting protecting 
film. 

(8) The electroluminescence light-emitting layer 
comprises a phosphor emitting a ultra-violet light, 
and a phosphor layer absorbing the ultra-violet light 
and emitting a visible light is placed on the front side 
of the light-scattering, high refraction layer. 

(9) The electroluminescence light-emitting layer 
comprises a phosphor emitting a ultra-violet light, 
and a light-scattering high refraction phosphor layer 
is provided as the light-scattering, high refraction 
layer. 

(10) The electroluminescence light-emitting layer 
comprises a phosphor emitting a blue light, and a 
phosphor layer absorbing the blue light and emitting 
a green light, a red light, or a white light is placed 
on the front side of the light-scattering, high refrac- 
tion layer. 

(11) The electroluminescence light-emitting layer 
comprises a phosphor emitting a blue light, and a 
light-scattering high refraction phosphor layer ab- 
sorbing the blue light and emitting a green light, a 
red light, or a white light is provided as the light- 
scattering, high refraction layer. 

[0043] The constitutions of the electroluminescence 
devices according to the invention are described below 
in more detail, by referring to the attached drawings 
which illustrate their representative constitutions. 
[0044] In the present specification, the term of high 
refraction means that the refractive index is 80% or high- 
er (preferably 95% or higher, more preferably 99% or 
higher) based on the refractive index of the dielectric 
material phase in the light-emitting layer. The material 
or layer having the high refractive index means a mate- 
rial or a layer is a material or a layer having such a high 
refractive index. 

[0045] Fig. 3 shows a representative constitution of 
the dispersion EL device of the first aspect according to 
the invention. The EL device comprises a back light- 
transmitting electrode 32b, a light-emitting layer, a front 
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light-transmitting electrode 32a, and a light-transmitting 
protecting film 37 (or a wavelength-converting phosphor 
layer, a color fitter layer, or their combination) laid on an 
opaque back face substrate 31b showing light-scatter- 
ing reflection. The light-emitting layer comprises phos- 
phor particles 33 (particle size generally is in the range 
of 30 nm to 5 urn, preferably 50 nm to 2 u.m) dispersed 
in a dielectric material phase 3£^ and shows a light-scat- 
tering property. 

[0046] By applying an alternating voltage (several 
tens V to several hundreds V, frequency 30 Hz to 10 
KHz, the waveform is optional but preferably is a sine 
wave) between the light-transmitting electrode 32a ar- 
ranged on the front side (lower side in the figure) and 
the light-transmitting back electrode 32b, the light-emit- 
ting layer emits a light under electric field. The emitted 
light is extracted through the front protecting film 37. 
There may be provided various auxiliary layers between 
the layers of the EL device. Such modification can be 
applied to the EL devices of the constitutions described 
below. 

[0047] Fig. 4 shows an alternative representative con- 
stitution of the dispersion EL device of the first aspect 
according to the Invention. The EL device comprises a 
light-transmitting back electrode 32b, a light-emitting 
layer, a light-transmitting front electrode 32a, and a light- 
transmitting protecting film 37 (or a wave length -convert- 
ing phosphor layer, a color filter layer, or their combina- 
tion) laid on an opaque back face substrate 31b showing 
light-scattering reflection. The light-emitting layer com- 
prises complex phosphor particles composed of phos- 
phor particles 33 (particle size generally is in the range 
of 30 nm to 5 jam, preferably 50 nm to 2 u,m) coated with 
a coating layer 40 (layer thickness generally is in the 
range of 100 nm to several tens urn) dispersed in a di- 
electric material phase 35 (preferably comprising an in- 
organic material, or a complex material comprising in- 
organic fine particles placed in an organic material), and 
shows a light-scattering property. 
[0048] Fig. 5 shows a representative constitution of 
the dispersion EL device of the second aspect according 
to the invention. The EL device comprises a light-trans- 
mitting back electrode 52b, a light-emitting layer, a light- 
transmitting front electrode 52a, and a light-transmitting 
protecting film 57 laid on a back light-reflecting layer (or 
light reflecting substrate) 51b. The light-emitting layer 
comprises complex phosphor particles composed of di- 
electric material cores (in the spherical form or in differ- 
ent form) 60b coated with a phosphor layer (thickness 
generally is in the range of 30 nm to 50 urn, preferably 
50 nm to 2 nm) which is further coated with a coating 
layer 60a dispersed in a high dielectric constant-organic 
polymer phase 55, and shows a light-scattering proper- 
ty. 

[0049] By applying an alternating current between the 
light-transmitting electrode 52a arranged on the front 
side (lower side in the figure) and the light-transmitting 
back electrode 52b, the light-emitting layer emits a light 



under electric field. The emitted light is extracted 
through the front protecting film 57. 
[0050] The high dielectric constant-organic polymer 
employed In the above-described constitution can be a 

s high dielectric constant-cyanoethylated cellulose resin 
(cyan oethy late d cellulose, cyanoethylated hydroxycel- 
lutose, cyanoethylated pullulan, etc.), and may com- 
prise high dielectric constant-super fine particles (diam- 
eter: several nm to several u.m) of BaTl0 3 , SrTi0 3 , Ti0 2 , 

*o Y 2 O a or the like dispersed in a polymer (having not so 
high dielectric constant) such as styrene resin, silicone 
resin, epoxy resin, or fluorinated vlnylidene resin. 
[0051] Fig. 6 shows a representative constitution of 
the dispersion EL device of the third aspect according 

15 to the invention. The EL device comprises a light-trans- 
mitting back electrode 52b having a high refractive in- 
dex, a light-emitting layer, a light-transmitting front elec- 
trode 52a, and a light-transmitting protecting film 57 (or 
a wavelength-converting phosphor layer, a color filter 

20 layer, or their combination) laid on a light-reflective, high 
refraction back layer (which may serve a substrate) 51b. 
The light-emitting layer comprises complex phosphor 
particles composed of spherical dielectric material core 
60b coated with a phosphor layer 53 (layer thickness 

25 generally is in the range of 30 nm to 5 u,m, preferably 50 
nm to 2 jim) dispersed in a high refraction, high dielectric 
constant medium phase 60c (preferably comprising an 
inorganic material, or a complex material comprising in- 
organic super-fine particles placed in an organic mate- 

30 rial). 

[0052] Fig. 7 shows a constitution of the dispersion 
EL device of the fourth aspect according to the inven- 
tion. The EL device of Fig. 7 comprises a light-transmit- 
ting back electrode (ITO, thickness: 0.01 - 20 nm) 1 22b, 

35 a light-emitting layer comprising phosphor particles dis- 
persed and supported in a dielectric material phase 
(thickness: 2 - 50 \xm, preferably 5 - 20 fim, different 
phosphors emitting lights of color hues of R, G and B 
are placed in divided areas) 123, a light-transmitting 

40 front high refraction electrode 122a, a light-scattering, 
high refraction layer (thickness 1 - 50 urn) 125, a color 
filter layer (R, G, B) 1 26, and a light-transmitting protect- 
ing layer 127 are arranged in order on (under, in Fig. 7) 
a high light-scattering reflective ceramic substrate 

45 (opaque back face sheet) 121 placed on the back side 
(side opposite to the side on which a light emitted in the 
device is extracted). In the EL device of Fig. 7, the layers 
other than the ceramic substrate 121 on the back side 
are essentially light-transmitting layers or opaque layers 

50 capable of transmitting a certain amount of light. 

[0053] The opaque back face sheet 1 21 can comprise 
a glass sheet and an opaque layer laid on the glass 
sheet. By applying an alternating voltage between the 
light-transmitting electrode 122a arranged on the front 

55 side (lower side in the figure) of the dispersion EL device 
of Fig. 7 and the back electrode 112b, the light-emitting 
layer 123 emits a light under electric field. The emitted 
light is extracted through the front protecting film 127. 
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[0054] Fig. 8 shows another constitution of the disper- 
sion EL device of the fourth aspect according to the in- 
vention. The EL device of Fig. 8 comprises a light-trans- 
mitting back electrode (ITO, thickness: 0.01 - 20 ujti) 
132b, a back insulating material layer (thickness: 0.3 - 
100 urn) 134b, a light-emitting layer 133 comprising 
phosphor particles dispersed and supported in a dielec- 
tric material phase, a light-transmitting front electrode 
132a, a light-scattering, high refraction layer (thickness 
0.3 - 20 urn) 135, a color filter layer (R, G, B) 136, and 
a light-transmitting protecting layer 1 37 are arranged in 
order on a high light-scattering reflective ceramic sub- 
strate 131 placed on the back side, in the EL device of 
Fig. 8, the layers other than the ceramic substrate 131 
on the back side are essentially light-transmitting layers 
or opaque layers capable of transmitting a certain 
amount of light. 

[0055] Fig. 9 shows a further constitution of the dis- 
persion EL device of the fourth aspect according to the 
invention. The EL device of Fig. 9 comprises a light- 
transmitting back electrode (ITO, thickness: 0.01 - 20 
u.m) 142b, a light-emitting layer 143 comprising phos- 
phor particles dispersed and supported in a dielectric 
material phase, a light-scattering, high refraction, insu- 
lating material layer (thickness: 1 - 50 u.m) 145, a light- 
transmitting high refraction front electrode (thickness 
0.01 - 20 ujti) 1 42a, a color filter layer (R, G, B) 1 46, and 
a light-transmitting protecting layer 1 57 are arranged in 
order on a high light-scattering reflective ceramic sub- 
strate 141 placed on the back side. In the EL device of 
Fig. 9, the layers other than the ceramic substrate 141 
on the back side are essentially light-transmitting layers 
or opaque layers capable of transmitting a certain 
amount of light. 

[0056] Fig. 10 shows a constitution of the dispersion 
EL device of the fifth aspect according to the invention. 
The EL device of Fig. 10 comprises a light-transmitting 
back electrode having a high refractive index (ITO, thick- 
ness: 0.01 - 20 jxm) 222b, a light-emitting layer compris- 
ing phosphor particles dispersed and supported in a di- 
electric material phase (thickness: 2 - 50 u,m, preferably 
5 - 20 urn, different phosphors emitting lights of color 
hues of R, G and B are placed in divided areas) 223, a 
light-transmitting front electrode 222a, a color filter layer 
(R : G, B) 226, and a light-transmitting protecting layer 
227 are arranged in order on a high light-scattering re- 
flective, high refraction ceramic substrate (light-scatter- 
ing reflective back face sheet having a high refractive 
index) 221 placed on the back side (side opposite to the 
side on which a light emitted in the device is extracted). 
In the EL device of Fig. 1 0, the layers other than the high 
refraction ceramic substrate 221 on the back side are 
essentially light-transmitting layers or opaque layers ca- 
pable of transmitting a certain amount of light. 
[0057] The light-scattering reflective, high refraction 
back face sheet 221 can comprise a glass sheet and a 
light-scattering, high refraction layer laid on the glass 
sheet. 



[0058] By applying an alternating voltage between the 
light-transmitting electrode 222a arranged on the front 
side (lower side In the figure) and the back electrode 
212b, the light-emitting layer 223 emits a light under 
5 electric field. The emitted light is extracted through the 
front protecting film 227. 

[0059] Fig. 11 shows a constitution of the dispersion 
EL device of the sixth aspect according to the invention. 
The EL device of Fig. 11 comprises a light-transmitting, 
10 high refraction, back electrode (ITO, thickness: 0.01 - 
20 urn) 232b, a high refraction, back insulating material 
layer (thickness: 0.3 - 50 ujti) 234, a light-emitting layer 
233 comprising phosphor particles dispersed and sup- 
ported in a dielectric material phase, a light-transmitting 
*s front electrode 232a, a color filter layer (R, G ( B) 236, 
and a light-transmitting protecting layer 237 are ar- 
ranged in order on a high light-scattering reflective, high 
refraction ceramic substrate 231 placed on the back 
side. In the EL device of Fig. 11, the layers other than 
20 the high refraction ceramic substrate 231 on the back 
side are essentially light-transmitting layers or opaque 
layers capable of transmitting a certain amount of light. 
[0060] Fig. 1 2 shows a constitution of the dispersion 
EL device of the seventh aspect according to the inven- 
ts tion. The EL device of Fig. 12 comprises a light-trans- 
mitting, high refraction, back electrode (ITO, thickness: 
0.01 - 20 urn) 242b, a light-emitting layer 243 comprising 
phosphor particles dispersed and supported in a dielec- 
tric material phase, a high refraction, front insulating ma* 
30 terial layer (thickness: 0.3 - 1 urn) 244a, a light-transmit- 
ting, high refraction front electrode (thickness: 0.01 - 20 
ujti) 242a, a color filter layer (R, G, B) 246, and a light- 
transmitting protecting layer 247 are arranged in order 
on a high light-scattering reflective, high refraction ce- 
35 ramie substrate 241 placed on the back side. Also in the 
EL device of Fig. 12, the layers other than the ceramic 
substrate 241 on the back side are essentially light- 
transmitting layers or opaque layers capable of trans- 
mitting a certain amount of light. 
40 [0061] Fig. 13 shows another constitution of the dis- 
persion EL device of the fifth aspect according to the 
invention. The EL device of Fig. 13 comprises a light- 
transmitting, high refraction back electrode (ITO, thick- 
ness: 0.01 - 20 urn) 252b, a light-emitting layer 253 com- 
« prising phosphor particles dispersed and supported in 
a dielectric material phase, a light-transmitting front 
electrode (thickness: 0.01 - 20 ujti) 252a, a light-scat- 
tering, high refraction layer (thickness: 1 - 50 u,m) 255, 
a color filter layer (R, G, B) 256, and a light-transmitting 
so protecting layer 257 are arranged in order on a high 
light-scattering reflective, high refraction ceramic sub- 
strate 251 placed on the back side. Also in the EL device 
of Fig. 13, the layers other than the ceramic substrate 
251 on the back side are essentially light-transmitting 
55 layers or opaque layers capable of transmitting a certain 
amount of light. 

[0062] Fig. 14 shows another constitution of the dis- 
persion EL device of the eighth aspect according to the 
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invention. The EL device of Fig. 14 comprises a back 
electrode (metal electrode or non light-transmitting elec- 
trode) 342, a light-scattering reflective, high refraction, 
insulating material layer having a diffusion reflectance 
of 50% or more (thickness: 10 - 100 ujti) 343, a light- 
emitting layer comprising phosphor particles dispersed 
and supported in a dielectric material phase (thickness: 
2 - 50 u.m, preferably 5 - 20 urn, different phosphors 
emitting lights of color hues of R, G and B are placed in 
divided areas) 344, a light-transmitting front electrode 
346, a color filter layer (R, G, B) 347, and a light-trans- 
mitting protecting layer 348 are arranged in order on a 
transparent or opaque substrate 341 made of glass, 
metal or ceramic placed on the back side (side opposite 
to the side on which a light emitted in the device is ex- 
tracted). In the EL device of Fig. 14, the layers other 
than the back substrate 341 , the back electrode 342 and 
the light-scattering reflective, high refraction, insulating 
material layer 343 on the back side are essentially light- 
transmitting layers or opaque layers capable of trans- 
mitting a certain amount of light. 
[0063] By applying an alternating voltage between the 
light-transmitting electrode 346 arranged on the front 
side (lower side in the figure) and the back electrode 
342, the light-emitting layer 344 emiis a light under elec- 
tric field. The emitted light is extracted through the front 
protecting film 348. 

[0064] Fig. 1 5 shows a constitution of the thin film EL 
device of the ninth aspect according to the invention. 
The EL device of Fig. 15 comprises a back electrode 
(metai electrode or non light-transmitting electrode) 
332, a light-scattering reflective, high refraction, insulat- 
ing material layer having a diffusion reflectance of 50% 
or more (thickness: 10 - 100 urn; 333, a light-emitting 
layer comprising a thin phosphor .'ilm (thickness: 0.1 - 3 
fim, different phosphors emitting lights of color hues of 
R, G and B are placed in divided areas) 334, a front in- 
sulating material layer (thickness: 0.3 - 1 urn) 335, a 
light-transmitting front electrode 336, a color filter layer 
(R, G, B) 337, and a light-transmitting protecting layer 
338 are arranged in order on a transparent or opaque 
substrate 331 made of glass, metal or ceramic placed 
on the back side (side opposite to the side on which a 
light emitted in the device is extracted). In the EL device 
of Fig. 15, the layers other than the back face substrate 

331 , the back electrode 332 and the light-scattering re- 
flective, high refraction, insulating material layer 333 on 
the back side are essentially light-transmitting layers or 
opaque layers capable of transmitting a certain amount 
of light. 

[0065] By applying an alternating voltage between the 
light-transmitting electrode 336 arranged on the front 
side (lower side in the figure) and the back electrode 

332, the light-emitting layer 334 emits a light under elec- 
tric field. The emitted light is extracted through the front 
protecting film 338. 

[0066] In the case that the light-emitting layer 334 is 
a thin film phosphor layer, it can be prepared utilizing 



various deposition methods or coating methods (such 
as sol-gel method). Auxiliary layers such as a buffer lay- 
er may be provided between the light-emitting layer 334 
and the front and/or back Insulating material layers 333 , 
5 335. 

[0067] Fig. 1 6 shows a constitution of the thin film EL 
devices of the tenth and eleventh aspects according to 
the Invention. The EL device of Fig. 1 6 comprises a light- 
transmitting, high refraction back electrode (ITO, thick- 
10 ness: 0.01 - 20 urn) 432, a high refraction, back insulat- 
ing material layer (thickness: 0.3 - 50 urn) 434b, a light- 
emitting layer comprising a thin phosphor film (thick- 
ness: 0.1-3 u,m, different phosphors emitting lights of 
color hues of R, G and B are placed in divided areas) 
15 433, a front insulating material layer (thickness; 0.3 - 1 
UJn) 434a, a light-transmitting front electrode 432a, a 
color filter layer (R, G, B) 436, and a light-transmitting 
protecting layer 437 are arranged in order on a high re- 
fraction ceramic substrate 431b showing a high light- 
20 scattering reflection placed on the back side (side op- 
posite to the side on which a light emitted in the device 
is extracted). In the EL device of Fig. 1 6, the layers other 
than the high refraction, back ceramic substrate 431b 
are essentially light-transmitting layers or opaque layers 
25 capable of transmitting a certain amount of light. 

[0068] By applying an alternating voltage between the 
light-transmitting electrode 432a arranged on the front 
side (lower side in the figure) and the back electrode 
432b, the light-emitting layer 433 emits a light under 
30 electric field. The emitted light is extracted through the 
front protecting film 437. 

[0069] The light-emitting thin film layer 433 can be 
prepared utilizing various deposition methods or coating 
methods (such as sol-gel method). Auxiliary layers such 
35 as a buffer layer may be provided between the light- 
emitting layer 433 and the front and/or back insulating 
material layers 434a, 434b. 

[0070] Fig. 17 shows another constitution of the thin 
film EL devices of the tenth and eleventh aspects ac- 
^0 cording to the invention. The EL device of Fig. 1 7 com- 
prises a light-transmitting, high refraction back electrode 
(ITO, thickness: 0.01 - 20 u.m) 442b, a high refraction, 
back insulating material layer (thickness: 0.3 - 50 u,m) 
444b, a light-emitting layer comprising a thin phosphor 
45 film (thickness: 0.1 - 3 jim, different phosphors emitting 
lights of color hues of R, G and B are placed in divided 
areas) 443, a light-scattering reflective, front Insulating 
materia! layer (thickness: 0.3 - 20 jxm) 444a, a light- 
transmitting front electrode (thickness: 0.01 - 20 u,m) 
so 442a, a front phosphor layer (thickness: 5 - 20 u,m, W 
(non-emitting), or G (green light-emitting), or R (red 
light-emitting)) 448a f a color filter layer (R, G, B) 446, 
and a light-transmitting protecting layer 447 are ar- 
ranged in order on a high refraction ceramic substrate 
55 441b showing a high light-scattering reflection placed 
on the back side. Also in the EL device of Fig. 17, the 
layers other than the high refraction, back ceramic sub- 
strate 441b are essentially light-transmitting layers or 
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opaque layers capable of transmitting a certain amount 
of light. 

[0071 ] Fig. 1 8 shows a further constitution of the thin 
film EL devices of the tenth and eleventh aspects ac- 
cording to the invention. The EL device of Fig. 18 com- 
prises a light-transmitting, high refraction back electrode 
(ITO, thickness: 0.01 - 20 um) 452b, a high refraction, 
back insulating material layer (thickness: 0.3 - 50 um) 
454b, a light-emitting layer comprising a thin phosphor 
film (thickness: 0.1-3 jxm, different phosphors emitting 
lights of color hues of R, G and B are placed in divided 
areas) 453, a light-scattering, high refraction, front insu- 
lating material layer (thickness: 0.3 - 1 um) 454a, a light- 
transmitting, high refraction front electrode (thickness: 
0.01 - 20 um) 452a, a front phosphor layer (thickness: 
5 - 20 urn, W (non-emitting), or G (green light-emitting), 
or R (red light-emitting)) 458a, and a light-transmitting 
protecting layer 457 are arranged in order on a high re- 
fraction ceramic substrate 451b showing a high light- 
scattering reflection placed on the back side. Also in the 
EL device of Fig. 18, the layers other than the high re- 
fraction, back ceramic substrate 451b are essentially 
light-transmitting layers or opaque layers capable of 
transmitting a certain amount of light. 
[0072] Fig. 1 9 shows a still further constitution of the 
thin film EL devices of the tenth and eleventh aspects 
according to the invention. The EL device of Fig. 19 
comprises a light-transmitting, high refraction back elec- 
trode (ITO, thickness: 0.01 - 20 pm) 462b, a high refrac- 
tion, back insulating material layer (thickness: 0.3 - 1 00 
pm) 464b, a light-emitting layer comprising a thin phos- 
phor film (thickness: 0.1-3 um, different phosphors 
emitting lights of color hues of R, G and B are placed in 
divided areas) 463, a light-scattering, high refraction, 
front insulating material layer (thickness: 0.3 - 20 urn) 
464a, a light-transmitting front electrode (thickness: 
0.01 - 20 um) 462a, a color filter layer (R, G, B) 466, and 
a light-transmitting protecting layer 467 are arranged in 
orderonahigh refraction ceramic substrate 461 b show- 
ing a high light-scattering reflection placed on the back 
side. Also in the EL device of Fig. 19, the layers other 
than the back ceramic substrate 461b are essentially 
light-transmitting layers or opaque layers capable of 
transmitting a certain amount of light. 
[0073] Fig. 20 shows a still further constitution of the 
thin film EL devices of the tenth and eleventh aspects 
according to the invention. The EL device of Fig. 20 
comprises alight-transmitting, high refraction back elec- 
trode (ITO, thickness: 0.01 - 20 urn) 472b, a high refrac- 
tion, back insulating material layer (thickness: 0.3 - 1 00 
um) 474b, a light-emitting layer comprising a thin phos- 
phor film (thickness: 0.1-3 um, different phosphors 
emitting lights of color hues of R, G and B are placed in 
divided areas) 473, a light-scattering reflective, high re- 
fraction, front insulating material layer (also serving as 
a light-scattering layer, thickness: 0.3 - 20 urn) 474a or 
475a, a light-transmitting front electrode 472a, a color 
filter layer (R, G, B) 476, and a light-transmitting protect- 



ing layer 477 are arranged in order on a light-scattering 
reflective, high refraction substrate composed of a glass 
substrate 471a on the back side and a light-scattering, 
high refraction layer (thickness: 10-100 urn) 479 or 

5 475b placed on the back side. Also in the EL device of 
Fig. 20, the layers other than the back light-scattering 
reflective, high refraction substrate 479 are essentially 
light-transmitting layers or opaque layers capable of 
transmitting a certain amount of light. 

10 [0074] Fig. 21 shows a still further constitution of the 
thin film EL devices of the tenth and eleventh aspects 
according to the invention. The EL device of Fig. 21 
comprises a light-transmitting back electrode (ITO, 
thickness: 0.01 - 20 um) or a metal electrode 482b, a 

15 high refraction, back insulating material layer (also serv- 
ing as a light-scattering layer, thickness: 0.3 - 100 um) 
484b (485b), a light-emitting layer comprising a thin 
phosphor film (thickness: 0.1 - 3 um, which comprises 
a UV light-emitting phosphor) 483, a front insulating ma- 

20 terial layer (thickness: 0.3 - 1 um) 484a, a light-transmit- 
ting front electrode (thickness: 0.01 - 20 um) 482a, a 
color filter layer (R, G, B) 486, and a light-transmitting 
protecting layer 487 are arranged in order on a high 
light-scattering reflective, high refraction ceramic sub- 

25 strate or a glass substrate 481 b on the back side. Also 
in the EL device of Fig. 21 , the layers otherthan the high 
refraction back ceramic substrate 481b are essentially 
light-transmitting layers or opaque layers capable of 
transmitting a certain amount of light. 

30 [0075] Fig. 22 shows a constitution of the thin film EL 
devices of the twelfth to fourteenth aspects according to 
the invention. The EL device of Fig. 22 comprises a light- 
transmitting back electrode (ITO, thickness: 0.01 - 20 
um) 532b, a back insulating material layer (thickness: 

35 0.3 - 100 um) 534b, a light-emitting layer comprising a 
thin phosphor film (thickness: 0.1 -3 um, different phos- 
phors emitting lights of color hues of R, G and B are 
placed in divided areas) 533, a high refraction, front in- 
sulating material layer (thickness: 0.3-1 um) 534a, a 

*o light-transmitting, high refraction front electrode 532a, a 
light-scattering, high fraction layer (thickness: 1 - 50 jxm) 
535a, a color filter layer (R, G, B) 536, and a light-trans- 
mitting protecting layer 537 are arranged in order on a 
ceramic substrate 531b showing a high light-scattering 

45 reflection placed on the back side (side opposite to the 
side on which a light emitted in the device is extracted). 
In the EL device of Fig. 22, the layers other than the 
back ceramic substrate 531 b are essentially light-trans- 
mitting layers or opaque layers capable of transmitting 

so a certain amount of light. 

[0076] By applying an alternating voltage between the 
light-transmitting electrode 532a arranged on the front 
side (lower side in the figure) and the back electrode 
532b, the light-emitting layer 533 emits a light under 

55 electric field. The emitted light is extracted through the 
front protecting film 537. 

[0077] The light-emitting thin film layer 533 can be 
prepared utilizing various deposition methods or coating 



15 



29 



EP 1 377 134 A1 



30 



methods (such as sol-gel method). Auxiliary layers such 
as a buffer layer may be provided between the light- 
emitting layer 533 and the front and/or back insulating 
material layers 534a, 534b. 

[0078] Fig. 23 shows another constitution of the thin 
film EL devices of the twelfth to fourteenth aspects ac- 
cording to the invention. The EL device of Fig. 23 com- 
prises a light-transmitting back electrode (ITO, thick- 
ness: 0.01 - 20 um) 542b, a back insulating material lay- 
er (thickness: 0.3 - 100 um) 544b, a light-emitting layer 
comprising a thin phosphor film (thickness: 0.1 - 3 um, 
different phosphors emitting lights of color hues of R, G 
and B are placed in divided areas) 543, a high refraction, 
front insulating material layer (thickness: 0.3 - 1 u,m) 
544a, a light-transmitting front electrode 542a, a light- 
scattering, high fraction layer (thickness: 1 - 50 \im) 
545a, a front phosphor layer (thickness: 5-20 u/n, W 
(non-emitting), or G (green light-emitting), or R (red 
light-emitting)) 548a, and a light-transmitting protecting 
layer 547 are arranged in order on a ceramic substrate 
541b showing a high light-scattering reflection placed 
on the back side. Also in the EL device of Fig. 23, the 
layers other than the back ceramic substrate 541b are 
essentially light-transmitting layers or opaque layers ca- 
pable of transmitting a certain amount of light. 
[0079] Fig. 24 shows a further constitution of the thin 
film EL devices of the twelfth to fourteenth aspects ac- 
cording to the invention. The EL device of Fig. 24 com- 
prises a light-transmitting back electrode (ITO, thick- 
ness: 0.01 - 20 um) 552b, a back insulating material lay- 
er (thickness: 0.3 - 50 u.m) 554b, a light-emitting layer 
comprising a thin phosphor film (thickness: 0.1 - 3 urn, 
comprising a UV light-emitting phosphor) 553, a high re- 
fraction, front insulating material layer (thickness: 0.3 - 
20 um, also serving as a light-scattering layer) 554a or 
555a, a light-transmitting, high refraction front electrode 
(thickness: 0.01 - 20 um) 552a, a color fitter layer (R, G, 
B) 556, and a light-transmitting protecting layer 557 are 
arranged in order on a ceramic substrate 551b showing 
a high light-scattering reflection placed on the back side. 
Also in the EL device of Fig. 24, the layers other than 
the back ceramic substrate 551b are essentially light- 
transmitting layers or opaque layers capable of trans- 
mitting a certain amount of light. 
[0080] Fig. 25 shows a still further constitution of the 
thin film EL devices of the twelfth to fourteenth aspects 
according to the invention. The EL device of Fig. 25 
comprises a light-transmitting back electrode (ITO, 
thickness: 0.01 - 20 um) 562b ( a back insulating material 
layer (thickness: 0.3 - 50 urn) 564b, a light-emitting layer 
comprising a thin phosphor film (thickness: 0.1 - 3 urn, 
different phosphors emitting lights of color hues of R, G 
and B are placed in divided areas) 563, a high refraction, 
front insulating material layer (thickness: 0.3 - 20 um, 
also serving as a light-scattering layer) 564a or 565a, a 
light-transmitting front electrode 562a, a color filter layer 
(R, G, B) 566, and a light-transmitting protecting layer 
567 are arranged in order on a light-scattering reflective 



substrate composed of a glass substrate 561a on the 
back side and a light-scattering reflective layer (thick- 
ness: 10-150 jim) placed on the backside. Also in the 
EL device of Fig. 25, the layers other than the back llght- 
5 scattering reflective layer 569 are essentially light-trans- 
mitting layers or opaque layers capable of transmitting 
a certain amount of light. 

[0081 ] Fig. 27 shows a constitution of a multi-color im- 
age-displaying dispersion EL device having a compos- 
10 ite of plural light-emitting layers according to the inven- 
tion. This EL device comprises a light-transmitting back 
electrode (ITO, thickness: 0.01 - 20 um) 642a, a first 
light-em ftting layer comprising phosphor particles dis- 
persed and supported in a dielectric material phase 
1* (thickness: 2 - 50 um, preferably 5 - 20 urn, a phosphor 
emitting a light of a color hue of R, G, or B is uniformly 
placed) 643, a high refraction, light-transmitting elec- 
trode 642b, a second light-emitting layer comprising 
phosphor particles dispersed and supported in a dielec- 
20 trie material phase (thickness: 2 - 50 um, preferably 5 - 
20 um, a phosphor emitting a light of a color hue which 
differs from the color hue of the phosphor placed in the 
first light-emitting layer is uniformly placed) 644, a high 
refraction, front light-transmitting electrode 642c, an in- 
25 sulating material layer (thickness: 0.3 - 100 um) 645, a 
high refraction, back light-transmitting electrode 642d, 
a third light-emitting layer comprising phosphor particles 
dispersed and supported in a dielectric material phase 
(thickness: 2 - 50 um, preferably 5 - 20 urn, a phosphor 
30 emitting a light of a color hue which differs from the color 
hues of the phosphors placed in the first and second 
light-emitting layers are uniformly placed) 646, a high 
refraction, front light-transmitting electrode 642e, a 
light-scattering, high refraction layer (thickness: 1 - 50 
35 um) 647, and a light-transmitting protecting layer 648 
are arranged in order on a ceramic substrate (opaque 
back face sheet) 641 showing a high light-scattering re- 
flection placed on the back side (side opposite to the 
side on which a light emitted In the device is extracted). 
*o in the EL device of Fig. 27, the layers other than the 
back ceramic substrate 641 are essentially light-trans- 
mitting layers or opaque layers capable of transmitting 
a certain amount of light. 

[0082] In the dispersion EL device of Fig. 27, the light- 
45 emitting layer 643 emits a light under electric field, by 
applying an alternating voltage between the light-trans- 
mitting electrode 642a and the light-transmitting elec- 
trode 642b. In the same way, the light-emitting layer 644 
emits a light under electric field, by applying an alternat- 
so ing voltage between the light-transmitting electrode 
642b and the light-transmitting electrode 642c, and the 
light-emitting layer 646 emits a light under electric field, 
by applying an alternating voltage between the light- 
transmitting electrode 642d and the light-transmitting 
55 electrode 642e. By applying the alternating voltage in 
an optional way, the desired light^emission is taken from 
the front protecting film 648 through the light-scattering, 
high refraction layer 647. 
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[0083] There may be provided an insulating material 
layer between each light-emitting layer (phosphor layer) 
and the fight-transmitting electrode. The EL device can 
have various auxiliary layers such as a buffer layer be- 
tween the provided layers. These variations can be 
adopted in the various EL devices described below. 
[0084] The opaque back face sheet 641 can be com- 
posed of a glass sheet and an opaque layer provided 
on the glass sheet. 

[0085] Fig. 28 shows another constitution of a multi- 
color image-displaying dispersion EL device having a 
composite of plural light-emitting layers according to the 
invention. This EL device comprises a light-transmitting 
back electrode (ITO, thickness: 0.01 - 20 ujti) 652a, a 
first light-emitting layer comprising phosphor particles 
dispersed and supported in a dielectric material phase 
(thickness: 2-50 u,m, preferably 5-20 |im, a phosphor 
emitting a light of a color hue of R, G, or B is uniformly 
placed) 653, a light-transmitting, high refraction elec- 
trode 652b, a second light-emitting layer comprising 
phosphor particles dispersed and supported in a dielec- 
tric material phase (thickness: 2 - 50 u.m, preferably 5 - 
20 urn, a phosphor emitting a light of a color hue which 
differs from the color hue of the phosphor placed in the 
first light-emitting layer is uniformly placed) 654, a light- 
transmitting, high refraction electrode 652c, an insulat- 
ing material layer (thickness: 0.3 - 1 00 jim) 655, a light- 
transmitting, high refraction back electrode 652d, a third 
light-emitting layer comprising phosphor particles dis- 
persed and supported in a dielectric material phase 
(thickness: 2 - 50 p.m, preferably 5 - 20 u,m, a phosphor 
emitting a light of a color hue which differs from the color 
hues of the phosphors placed in the first and second 
light-emitting layers is uniformly placed) 656, a light- 
transmitting, high refraction front electrode 652e, and a 
light-transmitting protecting layer 658 are arranged in 
order on a high refraction ceramic substrate (light-scat- 
tering reflective, high refraction "sheet) 651 showing a 
high light-scattering reflection placed on the back side 
(under the back side in Fig. 28). Also in the EL device 
of Fig. 28, the layers other than the high refraction, back 
ceramic substrate 651 are essentially light-transmitting 
layers or opaque layers capable of transmitting a certain 
amount of light. 

[0086] In the dispersion EL device of Fig. 28, the light- 
emitting layer 653 emits a light under electric field, by 
applying an alternating voltage between the light-trans- 
mitting electrode 652a and the light-transmitting elec- 
trode 652b. In the same way, the light-emitting layer 654 
emits a light under electric field, by applying an alternat- 
ing voltage between the light-transmitting electrode 
652b and the light-transmitting electrode 652c t and the 
light-emitting layer 656 emits a light under electric field, 
by applying an alternating voltage between the light- 
transmitting electrode 652d and the light-transmitting 
electrode 652e. By applying the alternating voltage in 
an optional way, the desired light-emission is taken from 
the front protecting film 658, The light emitted toward 



the back side by each light-emitting layer is reflected 
with scattering by the light refraction back ceramic sub- 
strate 651 and a portion of the reflected light is taken 
from the front protecting film 658. 
5 [0087] The light-scattering reflective, high refraction 
sheet 651 can be composed of a glass sheet and a light- 
scattering, high refraction layer having a high light-scat- 
tering reflection provided on the glass sheet. 
[0088] Fig. 29 shows a constitution of a multi-color im- 
10 age-displaying thin film EL device according to the in- 
vention. This EL device comprises a light-transmitting 
back electrode (ITO, thickness: 0.01 - 20 u,m) 662a, an 
insulating material layer (thickness: 0.3 - 100 ujti, the 
same hereinbelow) 665a, a first light-emitting layer corn- 
's prising a phosphor film (thickness: 0.1-3 u.m, made of 
a phosphor film emitting a light of hue of R, G, or B) 663, 
an insulating material layer 665b, a light-transmitting, 
high refraction electrode 662b, an insulating material 
layer 665c, a second light-emitting layer (made of a 
20 phosphor film emitting a light of hue of R, G, or B which 
differs from the hue of light of the first light-emitting layer) 
664, an insulating materia! layer 665d, a light-transmit- 
ting, high refraction front electrode 662c, an insulating 
material layer (thickness: 0.3 - 100 urn) 665, a light- 
25 transmitting, high refraction back electrode 652d, a third 
light-emitting layer (made of a phosphor film emitting a 
light of hue of R, G, or B which differs from the hues of 
lights of the first and second light-emitting layers) 666, 
an insulating material layer 665g, a light-transmitting, 
30 high refraction front electrode 662e, a light-scattering, 
high refraction layer (thickness: 1 - 50 u/n) 667, and a 
light-transmitting protecting layer 668 are arranged in 
order on a ceramic substrate (opaque back face sheet) 
661 showing a high light-scattering reflection placed on 
35 (under, in Fig. 29) the back side (side opposite to the 
side on which a light emitted in the device is extracted). 
In the EL device of Fig. 29, the layers other than the 
back ceramic substrate 661 are essentially light-trans- 
mitting layers or opaque layers capable of transmitting 
^0 a certain amount of light. 

[0089] In the thin film EL device of Fig. 29, the light- 
emitting layer 663 emits a light under electric field, by 
applying an alternating voltage between the light-trans- 
mitting electrode 662a and the light-transmitting elec- 
ts trode 662b. I n the same way, the light-emitting layer 664 
emits a light under electric field, by applying an alternat- 
ing voltage between the light-transmitting electrode 
662b and the light-transmitting electrode 662c, and the 
light-emitting layer 666 emits a light under electric field, 
50 by applying an alternating voltage between the light- 
transmitting electrode 662d and the light-transmitting 
electrode 662e. By applying the alternating voltage in 
an optional way, the desired light-emission is taken from 
the front protecting film 668 through the light-scattering, 
55 high refraction layer 667. 

[0090] Fig. 30 is a graph indicating a light extraction 
efficiency from parallel planes which explains the en- 
hancement of a emission efficiency in the electrolumi- 
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nescence device of the invention. In more detail, a rela- 
tionship between a refractive index ratio (n 1 /n 2 ) and the 
extraction efficiency x\ in the case that a light is extracted 
in a layer having a refractive Index n 2 from a light-emit- 
ting layer having a refractive index n 1 is expressed by 
the graph of Fig. 30. The extraction efficiency t| decreas- 
es by 30%, 42%, and 55% in the case that the difference 
of refractive index is 5%, 10%, and 20%, respectively. 
The graph indicates the case, in consideration of a sin- 
gle surface of the light-emitting layer. In the case that a 
light advances both sides of the light-emitting layer and 
the light advancing on one side only is extracted, the 
extraction efficiency decreases to a half, unless no re- 
flection on the opposite side is considered. 
[0091] Materials and sizes of the substrate and vari- 
ous layers constituting the electroluminescence device 
of the invention are described below. 

[Opaque substrate showing light-scattering reflection] 

[0092] Representative examples of the opaque sub- 
strates showing light-scattering reflection are ceramic 
substrates. Examples of materials of the ceramic sub- 
strates include Y 2 0 3l Ta 2 O s , BaTa 2 O e , BaTi0 3 , Ti0 2 , 
Sr(Zr,Ti)0 3 , SrTi0 3 , Pb7i0 3 , Al 2 0 3 , Si 3 N 4 , ZnS, Zr0 2 , 
PbNb0 3 , and Pb(Zr,Ti)0 3 . Alternatively, a transparent 
substrate such as glass sheet or a metal substrate coat- 
ed with a light-scattering reflective layer can be em- 
ployed. The light-scattering reflective layer can be pre- 
pared from the materials of the below-mentioned insu- 
lating material layer and the matrix components of the 
below-mentioned phosphors, provided that the materi- 
als and components have essentially no light absorption 
in the utilized wavelength region. The structure is pre- 
pared by forming areas (voids or particles having sub- 
micron level to several micron level) having different re- 
fractive indexes in the interior of the layer. The ceramic 
substrate can be prepared by heating a screen-printed 
material to form a sintered material. 

[Glass substrate] 

[0093] The representative examples are non-alkaline 
glass sheets (sheets of barium borosiiicate glass and 
aluminosilicate glass). 

[Light-scattering reflective layer] 

[0094] The light-scattering reflective layer can be pre- 
pared from the materials of the below-mentioned insu- 
lating material layer and the matrix components of the 
below-mentioned phosphors, provided that the materi- 
als and components have essentially no light absorption 
in the utilized wavelength. The structure is prepared by 
forming areas (voids or particles having submicron level 
to several micron level) having different refractive index- 
es in the interior of the layer. 



[Light-transmitting electrode] 

[0095] There are mentioned ITO, ZnO:AI, complex 
oxides (described in JP-A-1 0-1 90028), GaN materials 
5 (described in J P-A-6- 150723), Zn 2 ln 2 0 5 , (Zn, Cd.Mg) 
O- (B,AI, Ga.ln, Y) 2 0 3 -(SI,Ge,Sn,Pb ( Tl,Zr)0 2 , (Zn.Cd, 
Mg) O- (B,AI,Ba,ln,Y) 2 0 3 -(Si, Sn, Pb) O. material com- 
prising MgO-ln 2 0 3 , and Sn0 2 materials (described in 
JP-A-8-262225, JP-A-8-264022, and JP-A-8-264023). 

10 

[Phosphors in the light-emitting layer] 
[0096] 
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UV (UV light-emitting phosphor): ZnF 2 :Gd 

B (blue light-emitting phosphor): BaAlgS^Eu, CaS: 

Pb, SrS:Ce, SrS:Cu, CaGa 2 S 4 :Ce 

G (green light-emitting phosphor): {Zn,Mg)S:Mn, 

ZnS:Tb,F, Ga 2 0 3 :Mn 

R (red light-emitting phosphor): (Zn,Mg)S:Mn, CaS: 
Eu, ZnS : Sm, F, Ga 2 0 3 :Cr 

[Material for coating phosphor particle] 



25 [0097] There can be mentioned Y 2 0 3 , Ta 2 0 5 , 
BaTa 2 0 6l BaTi0 3 , Ti0 2 , Sr(Zr,Ti)0 3 , SrTi0 3 , PbTi0 3 , 
Al 2 0 3> SI 3 N 4 , ZnS, Zr0 2 , PbNb0 3 , and Pb(Zr,Ti)0 3 . It is 
preferred that the material has a high dielectric constant 
and high resistance to dielectric breakdown, and forms 

30 an interfacial level on the phosphor particle surface to 
serve as an electron-supplying source. The material can 
be light-scattering material such as a sintered material, 
provided that the layer does not prominently decrease 
the dielectric constant of the layer. 

35 

[Material for insulating material layer and insulating 
material phase of light-emitting layer] 



[0098] 
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(1) A high dielectric constant organic polymer such 
as high dielectric constant cyanoethylated cellulose 
(e.g., cyanoethylated cellulose, cyanoethylated hy- 
droxy-cellulose, and cyanoethylatated pullulan), or 
a dispersion of high electric constant fine particles 
(diameter: several nm to several u.m) such as par- 
ticles of Ba7i0 3 , SrTi0 3 , TiO z or Y 2 0 3 dispersed in 
a an organic polymer having a relatively low dielec- 
tric constant, such as styrene resin, silicone resin, 
epoxy resin, orfluorinated vinylidene resin. 

(2) Y 2 0 3 , Ta 2 O s , BaTa 2 0 6 , BaTi0 3 , 710 2> Sr(Zr.Ti) 
0 3 , SrTi0 3 , PbTi0 3 , Al 2 0 3 , Si 3 N 4 , ZnS, ZrQ 2 , 
PbNb0 3 , and Pb(Zr,Ti)0 3 . It is preferred that the 
material has a high dielectric constant and high re- 
sistance to dielectric breakdown. The light-scatter- 
ing property can be given by employing a material 
which has a refractive index differing from the re- 
fractive index of the phosphor particle (or the die- 
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lectric material-coated phosphor partide), or form- 
ing areas (voids or particles having submicron level 
to several micron level) having different refractive 
indexes in the interior of the layer. 

[Light-transmitting, high refraction electrode] 

[0099] The materials described above as the material 
for the light-transmitting electrode can be employed un- 
der the condition that the materials have a refractive in- 
dex equivalent to or higher than the refractive index of 
the dielectric material phase in the light-emitting layer. 

[Light-scattering, high refraction layer] 

[0100] The materials described above as the material 
for the light-scattering reflective layer can be employed 
under the condition that the materials have a refractive 
index equivalent to or higher than the refractive indexes 
of the light-emitting layer and intermediate layer(s). 

[Insulating material layer] 

[0101] There can be mentioned Y 2 0 3 , Ta 2 0 5 , 
BaTa 2 O s , BaTi0 3 , Ti0 2 , Sr(Zr,Ti)0 3 , SrTi0 3 , PbTi0 3 , 
Al 2 0 3 , Si 3 N 4 , ZnS, Zr0 2 , PbNbOg, and Pb(Zr,Ti)0 3 . It is 
preferred that the material has a high dielectric constant 
and high resistance to dielectric breakdown. The mate- 
rial can be light-scattering material such as a sintered 
material, provided that the layer does not prominently 
decrease the dielectric constant of the layer. 

[Buffer layer) 

[01 02] It is preferred that the material has a refractive 
index equivalent to or higher than the refractive indexes 
of the light-emitting layer and intermediate layer(s). 

[Front phosphor layer] 

[0103] Blue light(B)-emitting phosphor: 

Excitable by UV: Sr 2 P 2 0 7 :Eu, Sr 5 (P0 4 ) 3 CI:Eu, 
SrS : Ce, SrGa 2 S 4 :Ce, CaGa 2 S 4 :Ce 

[0104] Green light(G)-emitting phosphor: 

Excitable by UV: BaMg 2 AI 16 0 27 :Eu,Mn, ZnS:Tb 
Excitable by blue light: Y 3 AI 5 0 12 :Ce 

[0105] Red light(R)-emitting phosphor: 

Excitable by UV: Y(PV)0 4 , YV0 4 :Eu, ZnS:Sm, (Ca, 
Sr)S:Eu 

Excitable by blue light: (Ca,Sr)S:Eu 
[0106) Light-scattering layer (W): 



Excitable by blue light: Same as those for the pro- 
duction of the light-scattering reflective layer 

[Color filter layers (R. B, G)] 

5 

[0107] a color face plate for CRT, a light-conversion 
element plate for duplication, a filter for mono-tube color 
television, a filter for flat liquid crystal panel display, a 
filter for color solid Imaging device, those described In 
10 JP-A-8-20161 

[Protecting film] 

[0108] light-transmitting film having a thickness of 1 
is to 50 urn, which may be provided with such functions as 
antiref lection, anti-staining property and anti-static 
property. Multi -layered protecting film can be employed. 

[Example 1] 

20 

[0109] A white BaS0 4 -containing polyethylene 
terephthalate (PET) sheet (thickness: 350 \imi) was pre- 
pared as a light-scattering reflective opaque substrate. 
On the substrate was coated a light-transmitting back 

25 electrode (thickness: approx. 10 um) comprising elec- 
troconductive particles of ln 2 Q 3 and Sn0 2 dispersed in 
a resin by a screen printing method. 
[0110] Spherical particles (mean diameter: 1 u,m) of 
ZnS:Mn phosphor were prepared by a spray heat-de- 

30 composing method. The particles were then coated with 
a coat (mean thickness: 0.2 p.m) of dielectric BaT10 3 ma- 
terial by a metal alkoxide mixture-hydrolyzing method 
(see JP-A-6-200245) to give complex phosphor parti- 
cles. The complex phosphor particles and BaTi0 3 super 

35 fine particles (mean diameter: 0.3 uxn) were dispersed 
in an acrylic resin solution to give a dispersion (resin: 
phosphor particles :BaTi0 3 super fine particles=2:1 :1 , 
volume ratio). The dispersion was coated on the light- 
transmitting electrode and dried to give a light-emitting 

40 layer (mean thickness: 1 0 ^m). 

[0111] On a PET sheet (thickness: 10 urn, a light- 
transmitting protecting film) was formed an ITO elec- 
trode (thickness: 0.1 ujti, a light-transmitting front elec- 
trode) by sputtering. The 1TO electrode of the PET film 

^5 was then laminated on the light-transmitting layer. 

[0112] Thus, the dispersion EL device of the invention 
illustrated in Fig. 4 was manufactured. 

[Example 2] 

50 

[0113] A white BaS0 4 -containing polyethylene 
terephthalate (PET) sheet (thickness: 350 u/n) was pre- 
pared as a light-scattering reflective opaque substrate. 
On the substrate was coated a light-transmitting back 
55 electrode (thickness: approx. 10 pjtj) comprising elec- 
troconductive particles of ln 2 0 3 and Sn0 2 dispersed in 
a resin by a screenprinting method. 
[0114] Spherical particles (mean diameter: 1 ujh) of 
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dielectric BaTi0 3 material were prepared by a spray 
heat-decomposing method. The particles were then 
coated with a coat (mean thickness: 0.2 jxm) of ZnS:Mn 
phosphor by a MOCVD method (see WO 96/09353). 
The coated particles were further coated with a coat of 
BaTi0 3 by a metal alkoxide mixture-hydrolyzing method 
(see JP-A-6-200245) to give complex phosphor parti- 
cles. The complex phosphor particles and BaTi0 3 super 
fine particles (mean diameter: 0.3 urn) were dispersed 
in an acrylic resin solution to give a dispersion (resin: 
phosphor particles:BaTi0 3 super fine particles=2:1 :1 , 
volume ratio). The dispersion was coated on the light- 
transmitting electrode and dried to give a light-emitting 
layer (mean thickness: 10 jam). 

[0115] On a PET sheet (thickness: 10 u.m, a light- 
transmitting protecting film) was formed an ITO elec- 
trode (thickness: 0.1 u.m p a light-transmitting front elec- 
trode) by sputtering. The ITO electrode of the PET film 
was then laminated on the light-transmitting layer. 
[01 1 6] Thus, the dispersion EL device of the invention 
illustrated in Fig. 5 was manufactured. 

[Utilization in industry] 

[0117] By the use of the electroluminescence device 
of the invention, it is able to extract a light emitted therein 
outside with a high efficiency under the condition that 
the size of device is the same as and the electric power 
required is the same as that of the conventional electro- 
luminescence device. Further, a dispersion electrolumi- 
nescence device of the invention shows an increased 
emission efficiency in the extraction from the light-emit- 
ting layer. 



Claims 

1 . A dispersion electroluminescence device compris- 
ing a back face sheet, a light-transmitting back elec- 
trode, a light-emitting layer comprising electrolumi- 
nescence light-emitting particles dispersed in a di- 
electric material phase, a light-transmitting front 
electrode, and a light-transmitting front protecting 
film arranged in order, wherein the back face sheet 
shows a light-scattering reflective property and the 
light-emitting layer shows a light-scattering proper- 
ty. 

2. The electroluminescence device of claim 1 , wherein 
the electroluminescence light-emitting particle 
comprises a phosphor particle coated with a coat 
layer. 

3. The electroluminescence device of claim 2, wherein 
the coat layer has a refractive index of 65% or high- 
er based on a refractive index of the phosphor par- 
ticle. 



4. The electroluminescence device of claim 2 or 3, 
wherein the dielectric material phase of the light- 
emitting layer has a refractive index of 65% or high- 
er based on a refractive index of the phosphor par- 

5 tide. 

5. The electroluminescence device of one of claims 1 
through 4, wherein the dielectric material phase 
comprises inorganic or organic fine particles dis- 

10 persed in organic polymer. 

6. A dispersion electroluminescence device compris- 
ing a back face sheet, a back electrode, a light-emit- 
ting layer comprising electroluminescence light- 

'5 emitting particles dispersed in a dielectric material 
phase, a light-transmitting front electrode, and a 
light-transmitting front protecting film arranged in 
order, wherein the electroluminescence light-emit- 
ting particle comprises a dielectric material particle 

20 coated with a phosphor layer which is further coated 
with an outer coat layer. 

7. The electroluminescence device of claim 6, wherein 
the dielectric material phase comprises an organic 

25 polymer. 

8. The electroluminescence device of claim 6, wherein 
the dielectric material phase comprises inorganic or 
organic fine particles dispersed in an organic poly- 

30 mer. 

9. The electroluminescence device of claim 7 or 8, 
wherein the light-emitting layer shows a light scat- 
tering property. 

35 

10. The electroluminescence device of one of claims 7 
through 9, wherein the back electrode is a light- 
transmitting electrode and the back face sheet 
shows a light-scattering reflective property. 

40 

1 1 . The electroluminescence device of one of claims 7 
through 10, wherein the outer coat layer of the elec- 
troluminescence light-emitting particle has a refrac- 
tive index of 65% or higher based on a refractive 

45 index of the phosphor layer of the light-emitting par- 
ticle. 

**• 

12. The electroluminescence device of one of claims 7 
through 11 , wherein the dielectric material phase of 

so the light-emitting layer has a refractive index of 65% 
or higher based on a refractive index of the phos- 
phor layer of the light-emitting particles. 

13. The electroluminescence device of one of claims 7 
55 through 12, wherein the back electrode is a light- 
transmitting electrode, the back face sheet is a light- 
scattering reflective, high refraction sheet which 
comprises as main component a material having a 
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refractive index of 80% or higher based on a refrac- 
tive index of the phosphor layer of the electrolumi- 
nescence light-emitting particle, and a refractive in- 
dex of material placed between the electrolumines- 
cence light-emitting particles and the back face 
sheet is adjusted, whereby 40% or more of a light 
emitted by the light-emitting particles toward a back 
side enters the back face sheet. 

14. The electroluminescence device of one of claims 7 
through 13, wherein the back electrode is a light- 
transmitting electrode, the back face sheet shows 
a light-scattering reflective property, a light-scatter- 
ing, high refraction layer comprising as main com- 
ponent a material having a refractive index of 80% 
or higher based on a refractive index of the phos- 
phor layer of the electroluminescence light-emitting 
particle is placed between the front electrode and 
the front protecting film, and a refractive index of 
material placed between the light-emitting particles 
and the light-scattering, high refraction layer is ad- 
justed, whereby 40% or more of a light emitted by 
the electroluminescence light-emitting particles to- 
ward a front side enters the light-scattering, high re- 
fraction layer. 

15. A dispersion electroluminescence device compris- 
ing a back face sheet, a back electrode, a light-scat- 
tering or non light-scattering, light-emitting layer 
which comprises electroluminescence light-emit- 
ting particles dispersed in a dielectric material 
phase, a light-transmitting front electrode, and a 
light-transmitting front protecting film arranged in 
order, wherein the electroluminescence light-emit- 
ting particle comprises a dielectric material particle 
coated with a phosphor layer. 

16. The electroluminescence device of claim 15, 
wherein the back electrode is a light-transmitting 
electrode and the back face sheet shows a light- 
scattering reflective property. 

17. The electroluminescence device of claim 15 or 16, 
wherein the dielectric material phase has a refrac- 
tive index of 65% or higher based on a refractive 
index of the phosphor layer of the electrolumines- 
cence light-emitting particle. 

1 8. The electroluminescence device of one of claims 1 5 
through 17, wherein the dielectric material particle 
has a dielectric constant of as much as 3 times or 
more based on a dielectric constant of the phosphor 
layer of the electroluminescence light-emitting par- 
ticle. 

1 9. The electroluminescence device of one of claims 1 5 
through 1 8, wherein the back electrode is a light- 
transmitting electrode, the back face sheet is a light- 



scattering reflective, high refraction sheet which 
comprises as main component a material having a 
refractive index of 80% or higher based on a refrac- 
tive Index of the phosphor layer of the electrolumi- 
nescence light-emitting particle, and a refractive in- 
dex of material placed between the light-emitting 
particles and the back face sheet is adjusted, 
whereby 40% or more of a light emitted by the elec- 
troluminescence light-emitting particles toward a 
back side enters the back face sheet. 

20. The electroluminescence device of one of claims 1 5 
through 19, wherein the back electrode is a light- 
transmitting electrode, the back face sheet shows 
a light-scattering reflective property, a light-scatter- 
ing, high refraction layer which comprises as main 
component a material having a refractive index of 
80% or higher based on a refractive index of the 
phosphor layer of the electroluminescence light- 
emitting particle is placed between the front elec- 
trode and the front protecting film, and a refractive 
index of material placed between the light-emitting 
particles and the light-scattering, high refraction lay- 
er is adjusted, whereby 40% or more of a light emit- 
ted by the electroluminescence light-emitting parti- 
cles toward a front side enters the light-scattering, 
high refraction layer. 

21. A dispersion electroluminescence device compris- 
ing a back face sheet, a light-transmitting back elec- 
trode, a light-emitting layer comprising electrolumi- 
nescence light-emitting particles dispersed in a di- 
electric material phase, a light-transmitting front 
electrode, and a light-transmitting front protecting 
film arranged in order, wherein the back face sheet 
shows light reflection by a light-scattering effect, a 
light-scattering, high refraction layer which compris- 
es as main component a material having a refrac- 
tive index of 80% or higher based on a refractive 
index of the electroluminescence light-emitting lay- 
er is placed between the light-transmitting front 
electrode and the front protecting film, and a refrac- 
tive index of material placed between the light-emit- 
ting layer and the light-scattering, high refraction 
layer is adjusted, whereby 40% or more of a light 
emitted by the electroluminescence light-emitting 
layer toward a front side enters the light-scattering, 
high refraction layer. 

22. The electroluminescence device of claim 21, 
wherein an insulating material layer is placed be- 
tween the electroluminescence light-emitting layer 
and the light-transmitting front electrode and/or the 
light-transmitting back electrode. 

23. The electroluminescence device of claim 21 or 22, 
wherein the light-scattering, high refraction layer 
comprises as main component a material having a 
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refractive index of 95% or higher, based on the re- 
fractive index of the electroluminescence light-emit- 
ting layer, and the refractive index of material placed 
between the light-emitting layer and the light-scat- 
tering, high refraction layer is adjusted, whereby 
70% or more of a light emitted by the light-emitting 
layer toward a front side enters the light-scattering, 
high refraction layer. % 

24. A dispersion electroluminescence device compris- 
ing a back face sheet, a light-transmitting back elec- 
trode, an electroluminescence light-emitting layer 
comprising electroluminescence light-emitting par- 
ticles dispersed in a dielectric material phase, a 
light-transmitting front electrode, and a light-trans- 
mitting front protecting film arranged in order, 
wherein the back face sheet is a light-scattering re- 
flective, high refraction sheet which comprises as 
main component a material having a refractive in- 
dex of 80% or higher, based on a refractive index 
of the electroluminescence iight-emitting layer, and 
a refractive index of material placed between the 
light-emitting layer and the back face sheet is ad- 
justed, whereby 40% or more of a light emitted by 
the electroluminescence light-emitting layer toward 
a back side enters the back face sheet. 

25. The electroluminescence device of claim 24, 
wherein an insulating material layer is placed be- 
tween the electroluminescence light-emitting layer 
and the light-transmitting front electrode and/or the 
light-transmitting back electrode. 

26. The electroluminescence device of claim 24 or 25, 
wherein a light-scattering, high refraction layer 
which comprises as main component a material 
having a refractive index of 80% or higher based on 
a refractive index of the electroluminescence light- 
emitting layer is placed between the light-transmit- 
ting front electrode and the front protecting film, and 
a refractive index of material placed between the 
light-emitting layer and the light-scattering, high re- 
fraction layer is adjusted, whereby 40% or more of 
a light emitted by the electroluminescence light- 
emitting layer toward a front side enters the light- 
scattering, high refraction layer. 

27. A dispersion electroluminescence device compris- 
ing a back face sheet, a back electrode, a back in- 
sulating material layer, an electroluminescence 
light-emitting layer comprising electrolumines- 
cence light-emitting particles dispersed in a dielec- 
tric material phase, a light-transmitting front elec- 
trode, a light-transmitting front protecting film ar- 
ranged in order, wherein the back insulating mate- 
rial layer is a light-scattering, high refraction, insu- 
lating material layer which comprises as main com- 
ponent a material having a refractive index of 80% 



or higher based on a refractive index of the electro- 
luminescence iight-emitting layer, and 40% or more 
of a light emitted by the electroluminescence light- 
emitting layer toward a back side enters the back 
5 insulating layer. 

28. The electroluminescence device of claim 27, 
wherein the back face sheet shows light reflection 
by a light-scattering effect and the back electrode 

'0 js a light-transmitting electrode. 

29. A dispersion electroluminescence device compris- 
ing a back face sheet, a light-transmitting back elec- 
trode, an electroluminescence light-emitting layer 

is comprising electroluminescence light-emitting par- 
ticles dispersed in a dielectric material phase, an 
front insulating material layer, a light-transmitting 
front electrode, and a light-transmitting front pro- 
tecting film arranged in order, wherein the back face 
20 sheet shows light reflection by a light-scattering ef- 
fect, the front insulating material layer is a light-scat- 
tering, high refraction, insulating material layer 
which comprises as main component a material 
having a refractive index of 80% or higher, based 
25 on a refractive index of the electroluminescence 
light-enitting layer, and 40% or more of a light emit- 
ted by the electroluminescence light-emitting layer 
toward a front side enters the front insulating mate- 
rial layer. 

30 

30. A dispersion electroluminescence device compris- 
ing a back face sheet, a back electrode, a back in- 
sulating material layer, an electroluminescence 
light-emirting layer comprising electrolumines- 

35 cence licht-emitting particles dispersed in a dielec- 
tric material phase, a light-transmitting front elec- 
trode, and a light-transmitting front protecting film 
arranged in order, wherein the back insulating ma- 
terial layer has a thickness of 10 ujti or more and is 
40 a light-scattering, high refraction, insulating materi- 
al layer having a diffuse reflectance of 50% or high- 
er. 

31. The electroluminescence device of claim 30, 
45 wherein the diffuse reflectance of the back insulat- 
ing material layer is 70% or higher. 

32. The electroluminescence device of claim 30 or 31 , 
wherein the thickness of the back insulating mate- 
so rial layer is in the range of 1 0 to 1 00 ujd. 

33. An electroluminescence device comprising a back 
face sheet, a back electrode, a back insulating ma- 
terial layer, an electroluminescence light-emitting 

55 layer, a light-transmitting front electrode, and a light- 
transmitting front protecting film arranged in order, 
wherein the back insulating material layer has a 
thickness of 1 0 u.m or more and is a light-scattering, 
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high refraction, insulating material layer having a 
diffuse reflectance of 50% or higher. 

34. The electroluminescence device of claim 33, 
wherein an insulating material layer is piaced on a 
front side of the electroluminescence light-emitting 
layer. 

35. The electroluminescence device of claim 33, 
wherein the diffuse reflectance of the back insulat- 
ing material layer is 70% or higher. 

36. The electroluminescence device of claim 33 or 35, 
wherein the thickness of the back insulating mate- 
rial layer is in the range of 1 0 to 1 00 u.m. 

37. The electroluminescence device of one of claims 33 
through 36, wherein the electroluminescence light- 
emitting layer is made of a thin phosphor film. 

38. An electroluminescence device comprising a back 
face sheet, a light-transmitting back electrode, an 
electroluminescence light-emitting layer, a light- 
transmitting front electrode, and a light-transmitting 
front protecting film arranged in order, wherein the 
back face sheet is a light-scattering reflective, high 
refraction sheet comprising as main component a 
material having a refractive index of 80% or higher 
based on a refractive index of the electrolumines- 
cence light-emitting layer, and a refractive index of 
material placed between the light-emitting layer and 
the back face sheet is adjusted, whereby 40% or 
more of a light emitted by the electroluminescence 
light-emitting layer toward a back side sheet enters 
the back face sheet. 

39. The electroluminescence device of claim 38, 
wherein an insulating material layer is placed on a 
front side and/or a back side of the electrolumines- 
cence light-emitting layer. 

40. The electroluminescence device of claim 38, 
wherein a light-scattering, high refraction layer 
which comprises as main component a material 
having a refractive index of 80% or higher based on 
a refractive index of the electroluminescence light- 
emitting layer is placed between the light-transmit- 
ting front electrode and the front protecting film, and 
a refractive index of material placed between the 
light-emitting layer and the light-scattering, high re- 
fraction layer is adjusted, whereby 40% or more of 
a light emitted by the electroluminescence light- 
emitting layer toward a front side enters the light- 
scattering, high refraction layer. 

41. An electroluminescence device comprising a back 
face sheet, a light-transmitting back electrode, a 
back insulating material layer, an electrolumines- 



cence light-emitting layer, a light-transmitting front 
electrode, and a light-transmitting front protecting 
film arranged in order, wherein the back face sheet 
shows light-scattering reflection, the back insulating 

5 material layer is a light-scattering, high refraction, 
insulating material layer which comprises as main 
component a material having a refractive index of 
80% or higher based on a refractive index of the 
electroluminescence light-emitting layer, and 40% 

10 or more of a light emitted by the electrolumines- 
cence light-emitting layer toward a back side enters 
the back insulating material layer. 

42. The electroluminescence device of claim 41, 
15 wherein an insulating material layer is placed on a 

front side of the electroluminescence light-emitting 
layer. 

43. An electroluminescence device comprising a back 
20 face sheet, a light-transmitting back electrode, an 

electroluminescence light-emitting layer, a light- 
transmitting front electrode, and a light-transmitting 
front protecting film arranged in order, wherein the 
back face sheet shows light reflection by a light- 
25 scattering effect, a light-scattering, high refraction 
layer comprising as main component a material 
having a refractive Index of 80% or higher based on 
a refractive index of the electroluminescence light- 
emitting layer is placed between the light-transmit- 
30 ting front electrode and the front protecting film, and 
a refractive index of material placed between the 
light-emitting layer and the light-scattering, high re- 
fraction layer is adjusted, whereby 40% or more of 
a light emitted by the electroluminescence light- 
35 emitting layer toward a front side enters the light- 
scattering, high refraction layer. 

44. The electroluminescence device of claim 43, 
wherein an insulating material layer is placed on a 

^0 front side and/or a back side of the electrolumines- 
cence light-emitting layer. 

45. An electroluminescence device comprising a back 
face sheet, a light-transmitting back electrode, an 

45 electroluminescence light-emitting layer, a light- 
transmitting front electrode, and a light-transmitting 
front protecting film arranged in order, wherein the 
back face sheet shows light reflection by a light- 
scattering effect, a light-scattering, high refraction, 

so insulating material layer comprising as main com- 
ponent a material having a refractive index of 80% 
or higher based on a refractive index of the electro- 
luminescence light-emitting layer is placed on a 
front side of the electroluminescence light-emitting 

55 layer, whereby 40% or more of a light emitted by the 
electroluminescence light-emitting layer toward a 
front side enters the light-scattering, high refraction, 
insulating material layer. 
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46. The electroluminescence device of claim 45, 
wherein an insulating material layer is placed on a 
back side of the electroluminescence light-emitting 
layer. 

5 

47. An electroluminescence device comprising a back 
face sheet, a light-transmitting back electrode, an 
electroluminescence light-emitting layer, a light- 
transmitting front electrode, and a light-transmitting 
front protecting film arranged in order, wherein the 10 
back face sheet shows light reflection by a light- 
scattering effect, a light-scattering, high refraction, 
insulating material layer which comprises as main 
component a material having a refractive index of 
80% or higher based on a refractive Index of the 15 
electroluminescence light-emitting layer is placed 

on a back side of the electroluminescence light- 
emitting layer, whereby 40% or more of a light emit- 
ted by the electroluminescence light-emitting layer 
toward a back side enters the light-scatting, high re- 20 
fraction, insulating material layer. 

48. The electroluminescence device of claim 47, 
wherein an insulating material layer is placed on a 
front side of the electroluminescence light-emitting 25 
layer. 
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